.TEXAS 
INSTRUMENlS 
I.inear Circuits 
Power+ ™ Products, Peripheral 
Drivers/Actuators 


General 
Information 
.- 


Power+™ 
Products 
.:w 
-----~ 
•.• 
------ 
•. 
Peripheral 
Drivers/Actuators 
••• 


Applications 
• 


~M_e_c_h_a_n_ic_a_'_D_a_t_a 
• 


Linear Circuits 
Data Book 
1996 


~TEXAS 
INSTRUMENTS 


IMPORTANT 
NOTICE 


Texas Instruments (TI) reserves the right to make changes to its products or to discontinue any 
semiconductor 
product or service without notice, and advises its customers to obtain the latest 
version of relevant information to verify, before placing orders, that the information being relied 
on is current. 


TI warrants performance of Its semiconductor products and related software to the specifications 
applicable at the time of sale in accordance with Tl's standard warranty. Testing and other quality 
control techniques 
are utilized to the extent TI deems necessary 
to support this warranty. 
Specific testing of all parameters 
of each device is not necessarily 
performed, 
except those 
mandated by government 
requirements. 


Certain 
applications 
using semiconductor 
products 
may involve 
potential 
risks of death, 
personal injury, or severe property or environmental 
damage (''Critical Applications'1. 


TI SEMICONDUCTOR 
PRODUCTS ARE NOT DESIGNED, 
INTENDED, AUTHORIZED, 
OR 
WARRANTED 
TO BE SUITABLE FOR USE IN LIFE-SUPPORT 
APPLICATIONS, 
DEVICES 
OR SYSTEMS OR OTHER CRITICAL APPLICATIONS. 


Inclusion of TI products in such applications is understood to be fully at the risk of the customer. 
Use of TI products in such applications requires the written approval of an appropriate TI officer. 
Questions concerning 
potential risk applications 
should be directed to TI through a local SC 
sales office. 
. 


In order to minimize risks associated with the customer's 
applications, 
adequate design and 
operating safeguards should be provided by the customer to minimize inherent or procedural 
hazards. 


TI assumes 
no liability 
for appliCations 
assistance, 
customer 
product 
design, 
software 
performance, 
or infringement 
of patents or services described herein. Nor does TI warrant or 
represent that any license, either express or implied, is granted under any patent right, copyright, 
mask work right, or other intellectual property right of TI covering or relating to any combination, 
machine, or process in which such semiconductor 
products or services might be or are used. 


Printed in U.S.A. by 
Custom Printing Company 
Owensville, Missouri 


Texas Instruments offers an extensive line of the industy-standard integrated circuits designed to provide 
highly reliable circuits for switching inductive loads such as lamps, solenoids, motors, valves, and relays. 


TI power devices represent technologies from the classic bipolar process to the Texas Instruments PRISM 
process, which offer improvements in power consumption and temperature stability. 


This data book provides information on the following types of products: 


• 
Power+ ArraysT" - integrated multiple, rugged power FETs in surface-mount packaging 


• 
Power+ LogicT"- control logic integrated on same substrate with multiple power FETs 


• 
Power+T••Control- integrated power ICs and pre-FET drivers to complement the Power+ Array 
family 


• 
Peripheral drivers/actuators 


TI continues to enhance quality and reliability of integrated circuits by improving materials, processes, test 
methods, 
and test equipment. 
Quality 
and performance 
are monitored 
throughout 
all phases of 
manufacturing; quality specifications and programs are continuously enhanced. 


The Alphanumeric Index provides a method of quickly locating the correct device type. The Selection Guide 
includes a functional description of each device providing key parameter information and packaging types. 
Ordering Instructions and Mechanical Data are in the last section of this data book. 


While this data book offers design and specification data for TI power integrated circuits, complete technical 
data for any TI semiconductor product is available from your nearest TI field sales office, local authorized TI 
distributor, or by writing directly to: 


Texas Instruments Incorporated 
LITERATURE RESPONSE CENTER 
P.O. Box 809066 
DALLAS, TEXAS 75380-9066 


We believe the new 1996 Linear Circuits Data Book is a significant addition to your library of technical 
literature from Texas Instruments. 
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DEVICE 
DESCRIPTION 
VDSMAX 
ICONT 
IpEAK 
rDS(on) TYP 
trr TYP 
Q~ TYP 
PKG 
PAGE 
(V) 
(A) 
(A) 
(!l) 
(ns) 
nC) 


TPIC1301t 
3-Half H-bridge 
60 
2.25 
11.25 
0.23 
50 
6.2 
DW 
2-3 


TPIC1321LI: 
3-Half H-bridge 
60 
1.25 
4 
0.35 
45 
4.6 
DW 
2-15 


TPIC1501A§ 
H-Bridge & 3-phase 
20 
3& 1.5 
12 &6 
0.1 & 0.4 
70 & 60 
5.6& 
1.6 
DW 
2-27 
bridge 


TPIC2202 
2-Channel 
60 
7.5 
15 
0.09 
200 
13.6 
KC 
2-51 
common-source 


TPIC2301 
3-Channel 
60 
7.5 
15 
0.09 
200 
13.6 
KV 
2--61 
common-source 


TPIC2302 
3-Channel 
60 
1 
5 
0.4 
65 
3.1 
D 
2--69 
common-source 


TPIC2322L~ 
3-Channel 
60 
0.75 
2.25 
0.6 
85 
1.8 
D 
2-79 
common-source 


TPIC2701 
7-Channel 
60 
0.5 
3 
0.5 
165 
2.8 
N 
2-95 
common-source 


TPIC3302 
3-Channel 
60 
1 
5 
0.4 
35 
3.1 
D 
2-105 
common-drain 


TPIC3322L~ 
3-Channel 
60 
0.75 
2.25 
0.6 
30 
1.8 
D 
2-115 
common-drain 


TPIC5201 
2-Channel 
60 
7.5 
15 
0.09 
200 
13.6 
KV 
2-125 
independent 


TPIC5203t 
2-Channel 
60 
1.6 
8 
0.26 
50 
4.7 
D 
2-133 
independent 


TPIC5223Ll 
2-Channel 
60 
1 
3 
0.38 
50 
3.1 
D 
2-143 
independent 


TPIC5302 
3-Channel 
60 
1.4 
7 
0.3 
35 
8 
D 
2-153 
independent 


TPIC5303t 
3-Channel 
60 
1.4 
5 
0.4 
92 
2.1 
D 
2-163 
independent 


TPIC5322L~ 
3-Channel 
60 
1 
3 
0.45 
35 
3.1 
D 
2-173 
independent 


TPIC5323Ll 
3-Channel 
60 
1 
3 
0.6 
75 
2 
D 
2-183 
independent 


TPIC5401t 
H-Bridge 
60 
1.7/2 
10 
0.3 
120 
6.6 
DW/NE 
2-193 


TPIC5403t 
4-Channel 
60 
2.25 
11.25 
0.23 
80 
6.6 
DW 
2-205 
independent 


TPIC5404 
H-Bridge 
60 
1.7/2 
10 
0.3 
120 
6.6 
DW/NE 
2-217 


TPIC5421Ll 
H-Bridge 
60 
1/1.5 
3 
0.4 
55 
3.9 
DW/NE 
2-229 


TPIC5423Ll 
4-Channel 
60 
1.25 
4 
0.32 
80 
DW 
independent 
6.6 
2-241 


TPIC5424L~ 
H-Bridge 
60 
1 
3 
0.4 
55 
3.9 
DW/NE 
2-251 


TPIC5601 
3-Phase bridge 
60 
1.7 
8 
0.3 
65 
5 
DW 
2-263 


TPIC5621L~ 
3-Phase bridge 
60 
1 
3 
0.4 
65 
3.1 
DW 
2-273 


t Gate-protected 
l Gate-protected 
and 5-V logic-level interlace 
§ Preliminary data only 
~ 5-V Logic-level interlace 
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DEVICE 
DESCRIPTION 
VDSMAX 
ICONT 
IpEAK 
rDS(on) TYP 
tpLH TYP 
INPUT 
PKG 
PAGE 
(V) 
(mA) 
(A) 
(n) 
(ns) 
COMPo 


TPIC6259 
8-Bit addressable 
latch 
45 
250 
1.5 
1.3 
625 
CMOS 
DW,N 
2-283 


TPIC6273 
Octal D-type latch 
45 
250 
1.5 
1.3 
625 
CMOS 
DW,N 
2-293 


TPIC6595 
8-Bit shift register 
45 
250 
1.5 
1.3 
650 
CMOS 
DW,N 
2-301 


TPIC6A259t 
8-Bit addressable 
latch 
50 
350 
1.1 
1 
125 
CMOS 
DW,NE 
2-309 


TPIC6A595t 
8-Bit shift register 
50 
350 
1.1 
1 
125 
CMOS 
DW,NE 
2-319 


TPIC6B259t 
8-Bit addressable 
latch 
50 
150 
0.5 
5 
150 
CMOS 
DW,N 
2-331 


TPIC6B273t 
Octal D-type latch 
50 
150 
0.5 
5 
150 
CMOS 
DW,N 
2-341 


TPIC6B595t 
8-Bit shift register 
50 
150 
0.5 
5 
150 
CMOS 
DW,f'J 
2-349 


TPIC6E175'11 
Quad D-type latch 
40 
§ 
1 
1 
650 
CMOS 
NE 
2-359 


TPIC6E261'II 
4-Bit addressable 
latch 
40 
§ 
1 
1 
650 
CMOS 
NE 
2-375 


TPIC6E585'11 
4-Bit shift register 
40 
§ 
1 
1 
650 
CMOS 
NE 
2-391 


t Short-circuit 
and current-limit 
protection 
t Current-limit capability 
§ User-programmable 
from 300 mA - 1 A 
'IIPreliminary 
data only 


DEVICE 
DESCRIPTION 
Vbat 
IbatTYP 
I(osc) 
IGDMAX 
trill 
MAX 
Fault 
PKG 
PAGE 
(V) 
(mA) 
(kHz) 
(mA) 
(!is) 
Protection 


TPIC2101 
Single-phase 
low-side 
8-16 
4 
20 
50 
1/0.8 
Yes 
D,N 
2-33 
pre-FET 


DEVICE 
DESCRIPTION 
Vbat 
ITYP 
VDSMAX 
loJIPEAK 
rDS(on) TYP 
Diagnostics 
PKG 
PAGE 
(V) 
(MHz) 
(V) 
(A) 
(n) 


TPIC2603'11 
6-Channel serial 
5.5 - 25 
4 
70 
0.35/2.25 
1.7 
Yes 
DW,NE 
2-89 
interface low-side 
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SWITCHING 
OFF- 
PEAK 
DELAY 
VOLTAGE 
STATE 
OUTPUT 
DRIVERS 
OUTPUT 
INPUT 
TIME 
MAX 
VOLTAGE 
CURRENl 
PER PKG 
CLAMP 
COMPo 
FUNCTION 
TYP 
TYPE 
PKG 
PAGE 


(V) 
MAX 
(mA) 
DIODES 
(ns) 
(V) 


AND 
18 
SN554518 
FK.JG 
3-15 


NAND 
26 
SN554528 
FK.JG 
3-15 


OR 
18 
SN554538 
FK.JG 
3-15 


NOR 
27 
SN554548 
FK.JG 
3-15 
20 
30 
500 
2 
No 
TTL 
AND 
18 
SN754518 
3-15 
- 
NAND 
26 
SN754528 
3-15 
D.P 
- 
OR 
18 
SN754538 
3-15 
- 
NOR 
27 
SN754548 
3-15 


2 
SN75372 
D.P 
3-29 
24 
24 
500 
Yes 
TTL 
NAND 
40 
4 
SN75374 
D.N 
3-39 


AND 
30 
SN55461 
3-23 
- 
NAND 
45 
SN55462 
FK.JG 
3-23 
- 
OR 
SN55463 
3-23 


30 
35 
500 
2 
No 
TTL 
30 
AND 
SN75461 
3-23 
- 
NAND 
45 
SN75462 
D.P 
3-23 
- 
OR 
30 
SN75463 
3-23 


35 
70 
750 
4 
Yes 
TTL. CMOS 
Invert wi 
1950 
SN75437A 
NE 
3-51 
Enable 


Invert & 
40 
50 
1500 
4 
Yes 
TTL. CMOS 
Noninvert 
1500 
SN75439 
NE 
3-55 
wi Enable 


TTL. CMOS 
ULN2001A 
3-93- 
25-V PMOS 
ULN2002A 
3-93 


50 
500 
7 
Invert 
250 
D.N - 
TTL. CMOS 
ULN2003A 
3-93- 
CMOS. 
ULN2004A 
3-93 
50 
Yes 
15-V PMOS 


70 
750 
4 
TTL. CMOS 
Invert wi 
1950 
SN75436 
NE 
3-51 
Enable 


TTL. CMOS 
SN75468 
3-73 


100 
500 
7 
CMOS. 
Invert 
250 
D.N 


15-V PMOS 
SN75469 
3-73 


AND 
SN75446 
3-67 
70 
400 
Yes 
TTL. CMOS 
300 
NAND 
SN75447 
3-67 


AND 
30 
SN75471 
3-81 


70 
500 
No 
TTL 
NAND 
45 
SN75472 
3-81 
55 
2 
D.P 
OR 
30 
SN75473 
3-81 


AND 
SN75476 
3-87 


100 
500 
Yes 
TTL. CMOS 
NAND 
200 
SN75477 
3-87- 
OR 
SN75478 
3-87 


60 
60 
100 
4 
Yes 
TTL. CMOS 
Telecom 
1000 
DS3680 
D.N 
3-3 
Relay Driver 
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SWITCHING 
OFF- 
PEAK 
DELAY 
VOLTAGE 
STATE 
OUTPUT 
DRIVERS 
OUTPUT 
INPUT 
TIME 
MAX 
VOLTAGE 
CURRENT 
PER PKG 
CLAMP 
COMPo 
FUNCTION 
TYP 
TYPE 
PKG 
PAGE 
MAX 
DIODES 
(V) 
(V) 
(mA) 
(n5) 


1200 
Yes 
L293D 
3-11 
TTL 
Quad 
- 
36 
36 
4 
No 
Half-H 
800 
L293 
NE 
3-7 
2000 
- 
Yes 
TTL, CMOS 
SN75441 0 
3-61 
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Replacements are based on similarity of electrical and mechanical characteristics shown in currently published data. 
Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, compare the 
specifications of the substitute device with the specifications of the original. 


Texas Instruments makes no warranty as to the information furnished and the buyer assumes all risk in the use 
thereof. No liability is assumed for damages resulting from the use of the information contained herein. 


Manufacturers are arranged in alphabetical order. 


SUGGESTED 
HARRIS 
TI 
PAGE NO. 
REPLACEMENT 


IRF121 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
IRF123 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
IRFD111 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
IRFD111R 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
IRFD113 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
IRFD113R 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
IRFD121 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
IRFD121R 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
IRFD1Z2 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
IRFD1Z3 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51" 
2-61, 
2-125 
IRFF111 
TPIC2202, 
TPIC2301, . 
TPIC5201 
2-51, 
2-61, 
2-125 
IRFF111R 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
IRFF113 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
IRFF113R 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
RFL1N08 
TPIC2302, 
TPIC3302, 
TPIC5302, 
2-69, 
2-105, 
2-153, 


TPIC5404, 
TPIC5601, 
TPIC5203, 
2-217, 
2-263, 
2-133, 
TPIC5303, 
TPIC5401, 
TPIC5403, 
2-163, 
2-193, 
2-205, 
TPIC1301 
2-3 
RFL1N08L 
TPIC2322L, 
TPIC3322L, 
TPIC5322L, 
2-79, 
2-115, 
2-173, 
TPIC5424L, 
TPIC5621L, 
TPIC5223L, 
2-251, 
2-273, 
2-143, 


TPIC5323L, 
TPIC5421L, 
TPIC5423L, 
2-183, 
2-229, 
2-241, 


TPIC1321L 
2-15 
RFL2N05 
TPIC2302, 
TPIC3302, 
TPIC5302, 
2-69, 
2-105, 
2-153, 


TPIC5404, 
TPIC5601, 
TPIC5203, 
2-217, 
2-263, 
2-133, 


TPIC5303, 
TPIC5401, 
TPIC5403, 
2-163, 
2-193, 
2-205, 


TPIC1301 
2-3 
RFL2N05L 
TPIC5322L, 
TPIC5424L, 
TPIC5621L, 
2-173, 
2-251, 
2-273, 


TPIC5223L, 
TPIC5323L, 
TPIC5421L, 
2-143, 
2-183, 
2-229, 


TPIC5423L, 
TPIC1321 L 
2-241, 
2-15 
RFL2N06 
TPIC2302, 
TPIC3302, 
TPIC5302, 
2-69, 
2-105, 
2-153, 


TPIC5404, 
TPIC5601, 
TPIC5203, 
2-217, 
2-263, 
2-133, 


TPIC5303, 
TPIC5401, 
TPIC5403, 
2-163, 
2-193, 
2-205, 


TPIC1301 
2-3 
RFL2N06L 
TPIC5322L, 
TPIC5424L, 
TPIC5621L, 
2-173, 
2-251, 
2-273, 
TPIC5223L, 
TPIC5323L, 
TPIC5421L, 
2-143, 
2-183, 
2-229, 
TPIC5423L, 
TPIC1321L 
2-241, 
2-15 
RFP2N08 
TPIC2302, 
TPIC3302, 
TPIC5302, 
2-69, 
2-105, 
2-153, 


TPIC5404, 
TPIC5601, 
TPIC5203, 
2-217, 
2-263, 
2-133, 


TPIC5303, 
TPIC5401, 
TPIC5403, 
2-163, 
2-193, 
2-205, 


TPIC1301 
2-3 
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PAGE NO. 
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RFP2N08L 
TPIC5322L, 
TPIC5424L, 
TPIC5621L, 
2-173, 
2-251, 
2-273, 


TPIC5223L, 
TPIC5323L, 
TPIC5421L, 
2-143, 
2-183, 
2-229, 


TPIC5423L, 
TPIC1321L 
2-241, 
2-15 
RFP4N05 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
RFP4N05L 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
RFP4N06 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
RFP4N06L 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
RFW2N06RLE 
TPIC1321L, 
TPIC5223L, 
TPIC5323L, 
2-15 
2-143, 
2-183, 


TPIC5421L, 
TPIC5423L 
2-229, 
2-241, 
RRF121 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
RRF123 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
RRF131 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
RRF133 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
RRF513 
TPIC5302 
2-153 
RRF523 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
RRFF133 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 


INTERNATIONAL 
SUGGESTED 
TI 
PAGE NO. 
RECTIFIER 
REPLACEMENT 


IRF121 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
IRF123 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 


IRF7102 
TPIC5302, 
TPIC5404, 
TPIC5601, 
2-153, 
2-217, 
2-263, 
TPIC5322L, 
TPIC5424L, 
TPIC5621L, 
2-173, 
2-251, 
2-273, 


TPIC5401, 
TPIC5403, 
TPIC1301, 
2-193, 
2-205, 
2-3, 
TPIC5223L, 
TPIC5423L, 
TPIC1321L, 
2-143, 
2-241, 
2-1.5, 
TPIC5323L, 
TPIC5421L 
2-183, 
2-229 
IRFD014 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
IRFD024 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
IRFD123 
TPIC1301, 
TPIC5203, 
TPIC5303, 
2-3, 
2-133, 
2-163, 


TPIC5401, 
TPIC5403 
2-193, 
2-205 
IRFJ121 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
IRFJ123 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
IRFT002 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
IRFT003 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
IRLD014 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
IRLD024 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
IR8200B 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 


SUGGESTED 
MOTOROLA 
TI 
PAGE NO. 
REPLACEMENT 


MMDF3C05 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
MMDF4N02 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
MMDF1N05E 
TPIC5203, 
TPIC5303, 
TPIC5401, 
2-133, 
2-163, 
2-193, 
TPIC5403, 
TPIC1301, 
TPIC1321L, 
2-205, 
2-3, 
2-15, 


TPIC5223L, 
TPIC5323L, 
TPIC5421L, 
2-143, 
2-183, 
2-229, 


~TEXAS 
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POWER+ ARRAYS 
CROSS-REFERENCE 
GUIDE 


SUGGESTED 
MOTOROLA 
TI 
PAGE NO. 
REPLACEMENT 


TPIC5423L 
2-241 


MMFT3055EL 
TPIC5223L, 
TPIC5323L, 
TPIC5421L, 
2-143, 
2-183, 
2-229, 


TPIC5423L, 
TPIC1321 L, 
TPIC2322L, 
2-241, 
2-15, 
2-79, 


TPIC3322L, 
TPIC5322L, 
TPIC5424L, 
2-115, 
2-173, 
2-251, 


TPIC5621L 
2-273 


MMFT3055E 
TPIC5203, 
TPIC5303, 
TPIC5401, 
2-133, 
2-163, 
2-193, 


TPIC5403, 
TPIC1301 
2-205, 
2-3 


MRF162 
TPIC5302 
2-153 


MTD3055 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 


MTD5N05 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 


MTD5N06 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 


MTD5N08L 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 


MTP7N06 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 


ULN200X 
TPIC2701 
2-95 


SUGGESTED 
NATIONAL 
TI 
PAGE NO. 
REPLACEMENT 


IRF511 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
IRF513 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
IRF521 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
IRF523 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 


SUGGESTED 
SG5- THOMSON 
TI 
PAGE NO. 
REPLACEMENT 


IRF121 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
IRF123 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
ULN200X 
TPIC2701 
2-95 


SUGGESTED 
SILICON IX 
TI 
PAGE NO. 
REPLACEMENT 


2N7000 
TPIC2701 
2-95 
2N7002 
TPIC2701 
2-95 
IRFD020 
TPIC1301, 
TPIC5401, 
TPIC5403 
2-3, 
2-193, 
2-205 


IRFD123 
TPIC5203, 
TPIC5303, 
TPIC5401, 
2-133, 
2-163, 
2-193, 
TPIC5403, 
TPIC1301 
2-205, 
2-3 
Si9945Dyt 
TPIC5401, 
TPIC5404, 
TPIC5403, 
2-193, 
2-217, 
2-205, 


TPIC1301 
2-3 
Si9955Dyt 
TPIC5404, 
TPIC5601, 
TPIC5403, 
2-217, 
2-263, 
2-205, 


TPIC1301 
2-3 
Si9959Dyt 
TPIC5302, 
TPIC5404, 
TPIC5601, 
2-153, 
2-217, 
2-263, 


TPIC5421L, 
TPIC5423L, 
TPIC1321L, 
2-229, 
2-241, 
2-15, 
TPIC5203, 
TPIC5303, 
TPIC5401, 
2-133, 
2-163, 
2-193, 


TPIC5403, 
TPIC1301, 
TPIC5223L, 
2-205, 
2-3, 
2-143, 


t Liltlefoot 
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SILICON IX 
TI 
PAGE NO. 


.REPLACEMENT 


TPIC5323L 
2-183 
SMP7N60 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
TD1004Y 
TPIC2701 
2-95 
VN66AD 
TPIC3302, 
TPIC2302, 
TPIC5404, 
2-105, 
2-69, 
2-217, 


TPIC5302, 
TPIC5601 
2-153, 
2-263 
VN66AFD 
TPIC3302, 
TPIC2302, 
TPIC5404, 
2-105, 
2-51, 
2-217, 


TPIC5302, 
TPIC5601 
2-153, 
2-263 
VN67AD 
TPIC3302, 
TPIC2302, 
TPIC5404, 
2-105, 
2-51, 
2-217, 


TPIC5302, 
TPIC5601 
2-153, 
2-263 
VN67AFD 
TPIC3302, 
TPIC2302, 
TPIC5404, 
2-105, 
2-51, 
2-217, 


TPIC5302, 
TPIC5601 
2-153, 
2-263 
VN88AD 
TPIC3302, 
TPIC2302, 
TPIC5404, 
2-105, 
2-51, 
2-217, 
TPIC5302, 
TPIC5601 
2-153, 
2-263 
VN89AD 
TPIC3302, 
TPIC2302, 
TPIC5404, 
2-105, 
2-51, 
2-217, 


TPIC5302, 
TPIC5601 
2-153, 
2-263 


SUGGESTED 
SPRAGUE 
TI 
PAGE NO. 
REPLACEMENT 


ULN200X 
TPIC2701 
2-95 


SUGGESTED 
SUPERTEX 
TI 
PAGE NO. 
REPLACEMENT 


TN0606N5 
TPIC5302 
2-153 
VN1106N2 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
VN1106N5 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
VN1106ND 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
VN2204N3 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
VN2204ND 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
VN2206N3 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 
VN2206ND 
TPIC2202, 
TPIC2301, 
TPIC5201 
2-51, 
2-61, 
2-125 


SUGGESTED 
DARLINGTONS 
TI 
PAGE NO. 
REPLACEMENT 


ULN2001 
TPIC2701 
2-95 
ULN2002 
TPIC2701 
2-95 
ULN2003 
TPIC2701 
2-95 
ULN2004 
TPIC2701 
2-95 


~TEXAS 
INSTRUMENTS 
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GUIDE 


SUGGESTED 
FAIRCHILD 
TI 
PAGE NO. 


REPLACEMENT 


IlA75451 
SN75451B 
3-15 


IlA75452 
SN75452B 
3-15 


IlA75453 
SN75453B 
3-15 
j.tA75454 
SN75454B 
3-15 
j.tA75461 
SN75461 
3-23 
j.tA75462 
SN75462 
3-23 


MC1412 
ULN2002A 
3-93 


MC1413 
ULN2003A 
3-93 


IlA3680 
OS3680 
3-3 


IlA9665 
ULN2001A 
3-93 


IlA9666 
ULN2002A 
3-93 


IlA9667 
ULN2003A 
3-93 


IlA9668 
ULN2004A 
3-93 


IlA75471 
SN75471 
3-81 
j.tA75472 
SN75472 
3-82 
j.tA75473 
SN75473 
3-81 


SUGGESTED 
MOTOROLA 
TI 
PAGE NO. 
REPLACEMENT 
MC1411 
ULN2001A 
3-93 
MC1412 
ULN2002A 
3-93 
MC1413 
ULN2003A 
3-93 
MC1413T 
SN75468 
3-73 
MC1416 
ULN2004A 
3-93 
MC1471 
SN75476 
3-87 


MC1473 
SN75478 
3-87 


8N75451B 
SN75451B 
3-15 
SN75452B 
SN75452B 
3-15 
SN75453B 
SN75453B 
3-15 
SN75454B 
SN75454B 
3-15 


ULN2001 
ULN2001A 
3-93 
ULN2002 
ULN2002A 
3-93 
ULN2003 
ULN2003A 
3-93 


ULN2004 
ULN2004A 
3-93 


SUGGESTED 
NATIONAL 
TI 
PAGE NO. 
REPLACEMENT 
OS3611 
8N75471 
3-81 


OS3612 
SN75472 
3-81 
OS3613 
SN75473 
3-81 
OS3658 
SN75437A 
3-51 
083680 
OS3680 
3-3 


0875361 
8N75372 
3-29 
OS75365 
SN75374 
3-29 


OS75451 
SN75451B 
3-15 
OS75452 
SN75452B 
3-15 
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SUGGESTED 
NATIONAL 
TI 
PAGE NO. 
REPLACEMENT 
0875453 
8N75453B 
3-15 
0875454 
8N75454B 
3-15 
0875461 
8N75461 
3-23 
0875462 
8N75462 
3-23 
0875463 
8N75463 
3-23 
LM3611 
8N75471 
3-81 
LM3612 
8N75472 
3-81 
LM3613 
8N75473 
3-81 
LM75453 
8N75453B 
3-15 


SUGGESTED 
RIFA 
TI 
PAGE NO. 
REPLACEMENT 
PB0352301 
ULN2001A 
3-93 
PB0352302 
ULN2004A 
3-93 
PB0352303 
ULN2003A 
3-93 
PB0352304 
ULN2002A 
3-93 
PB0352312 
8N75469 
3-73 
PB0352313 
8N75468 
3-73 


SUGGESTED 
SGS-ATES 
TI 
PAGE NO. 
REPLACEMENT 
L201 
ULN2001A 
3-93 
L202 
ULN2002A 
3-93 
L203 
ULN2003A 
3-93 
L204 
ULN2004A 
3-93 
L293 
L293 
3-7 
L2930 
L2930 
3-11 
8N754410 
3-61 
ULN2001 
ULN2001A 
3-93 
ULN2002 
ULN2002A 
3-93 
ULN2003 
ULN2003A 
3-93 
ULN2004 
ULN2004A 
3-93 


SUGGESTED 
SILICON GENERAL 
TI 
PAGE NO. 
REPLACEMENT 
8G2001 
ULN2001A 
3-93 
8G2002 
ULN2002A 
3-93 
8G2003 
ULN2003A 
3-93 
8G2004 
ULN2004A 
3-93 
8G2023 
8N75468 
3-73 
8G2024 
8N75469 
3-73 
8G75451 
8N75451B 
3-15 
8G75452 
8N75452B 
3-15 
8G75453 
8N75453B 
3-15 


~TEXAS 
INSTRUMENTS 
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SUGGESTED 
SILICON GENERAL 
TI 
PAGE NO. 
REPLACEMENT 
SG75454 
SN75454B 
3-15 
SG75461 
SN75461 
3-23 
SG75462 
SN75462 
3-23 
SG75463 
SN75463 
3-23 
SG75473 
SN75473 
3-81 


SUGGESTED 
SPRAGUE 
TI 
PAGE NO. 
REPLACEMENT 
UDN-2541 
SN75437A 
3-51 
UDN-3611 
SN75471 
3-81 
UDN-3612 
SN75472 
3-81 
UDN-3613 
SN75473 
3-81 
UDN-5711 
SN75476 
3-87 
UDN-5713 
SN75478 
3-87 
UDN-5722 
SN75477 
3-87 
ULN-2001 
ULN2001A 
3-93 
ULN-2002 
ULN2002A 
3-93 
ULN-2003 
ULN2003A 
3-93 
ULN-2004 
ULN2004A 
3-93 
ULN-2023 
SN75468 
3-73 
ULN-2024 
SN75469 
3-73 


SUGGESTED 
UNITRODE 
TI 
PAGE NO. 


REPLACEMENT 
L293 
L293 
3-7 
L293D 
L293D 
3-11 
SN754410 
3-61 


~TEXAS 
INSTRUMENTS 


GLOSSARY 
SYMBOLS, TERMS, AND DEFINITIONS 


Gate-Drain 
Capacitance 
Capacitance measured between the gate and drain with VGS = 0 V (Cgd = Crss) 


Drain-Source 
Capacitance 
Capacitance measured between the drain and source with VGS = 0 V (Cgs = Ciss-Crss) 


Gate-Source 
Capacitance 


Capacitance measured between the gate and source with VGS = 0 V (Cds = Coss-Crss) 


Short-Circuit 
Input Capacitance 
Input capacitance with drain and source shorted (Ciss = Cgd + Cgs• Cds shorted) 


Short-Circuit 
Output Capacitance 
Total capacitance between drain and source with gate and source shorted (Coss = Cds + Cgd, Cgs 
shorted) 


Short-Circuit 
Reverse Transfer 
Capacitance 
Gate-drain capacitance with VGS = 0 (Crss = Cgd) 


Single-Pulse 
Avalanche 
Energy 
Maximum energy dissipation allowed during avalanche breakdown for a single pulse of avalanche 
current 


Common-Source 
Small-Signal 
Transconductance 
Ratio of change in drain current due to a change in gate-to-source voltage 


Peak Avalanche 
Current 
Maximum allowable current during avalanche breakdown 


Power Supply Current 
Total current from the Vcc supply 


DC Drain Current 
Measured dc current into the drain 


Peak-Drain 
Current, 
Single Output 
Maximum allowable value of drain current 


Zero-Gate-Voltage 
Drain Current 
Current into drain when gate-to-source voltage is zero 


Off-State 
Drain Current 
See Zero-Gate-Voltage Drain Current (loss) 


Clamp Diode Forward 
Current 
Measurement of current through the clamp diode 


Forward 
Gate Current, 
Drain-to-Source 
Short Circuited 
Direct current into gate with forward gate-to-source voltage and drain shorted to source 


~TEXAS 
INSTRUMENTS 


GLOSSARY 
SYMBOLS, TERMS, AND DEFINITIONS 


Reverse 
Gate Current, 
Drain-to-Source 
Short Circuited 


Direct current 
into gate with reverse 
gate-to-source 
voltage 
and drain shorted 
to source 


Input Current 


Direct current 
to the gate 


High-Level 
Input Current 


Current 
the device 
uses to switch 
state from low to high 


Low-Level 
Input Current 


Current 
the device 
uses to switch 
state from high to low 


Continuous 
Output Current 


Direct output 
current 
across 
the drain-to-source 
junction 


Output 
Chopping 
Current 


Value at which 
output 
current 
changes 
from continuous 
current 
to low duty cycle pulsed 
current 


Maximum 
Output 
Current 


Maximum 
output 
current 
in the on state 


Reverse 
Current 


Current 
flow across 
reverse-biased 
junction 
at specified 
applied 
voltage 


Source-Drain 
Diode Current 


Maximum 
continuous 
forward 
diode current 


Maximum 
Off-State 
Power Dissipation 


Amount 
of power consumed 
by the die such that maximum 
junction 
temperature 
is not exceeded 
at held 
case temperature 


Total Gate Charge 


Maximum 
charge 
drawn 
by gate at a specified 
VGS 


Gate-Drain 
Charge 


Charge 
between 
the gate and drain of the device 


Gate-Source 
Charge 


Charge 
between 
the gate and source 
of the device 


Static Drain-Source 
On-State 
Resistance 


Resistance 
between 
the drain and source 
during 
on state 


Input Resistance 


Resistance 
between 
gate and source 


Junction-to-Ambient 
Thermal 
Resistance 


Thermal 
resistance 
(steady 
state) from the device 
case to the ambient 
(air) 


~TEXAS 
INSTRUMENTS 


GLOSSARY 
SYMBOLS, TERMS, AND DEFINITIONS 


Junction-to-Case 
Thermal 
Resistance 
Thermal resistance (steady state) from the device junction to case 


Output 
Resistance 
Resistance between drain and source 


Reverse-Recovery-Current 
Rise Time 
Elapsed time for diode current to reach maximum value during reverse recovery 


Ambient 
Operating 
Temperature 
(Free Air) 
Air temperature measured below a device in an environment cooled only by natural air convention 


Cycle Time 
Time interval between the start and end of a cycle 


Case Operating 
Temperature 
Temperature measured at a specific location on the case of a device 


Turn-Off 
Delay Time 
Time interval during which an input pulse falls from 90% of its peak value to 10% of its off-state amplitude 


Turn-On 
Delay Time 
Time interval during which an input pulse rises from 10% of its peak value to 90% of its off-state 
amplitude 


Fall Time 
Time interval for signal to change from 90% to 10% of its peak value 


Hold Time 
Time interval during which a signal is retained at a specified input terminal after an active transition 
occurs at another specified input terminal 


Virtual Junction 
Temperature 
Calculated value of the silicon junction(s) temperature based on the thermal and electrical behavior of 
the device 


Turn-Off 
Time 
Time interval between gate turn off and drain-to-source shutdown 


Turn-On Time 
Time interval between gate turn on and drain-to-source turn on 


Propagation 
Delay Time, High-to-Low 
Level Output 
Time interval for drain-to-source signal to fall from 90% to 10% of its peak value 


Propagation 
Delay Time, Low-to-High 
Level Output 
Time interval for drain-to-source signal to rise from 10% to 90% of its peak value 


~TEXAS 
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SYMBOLS, TERMS, AND DEFINITIONS 


Rise Time 


Time interval 
for signal to rise from 
10% to 90% of its.peak 
value 


Reverse-Recovery 
Time 


Time required 
to remove 
excess 
carriers 
from a diode after reverse 
of carrier 
flow 


Setup Time 


Time interval 
between 
the application 
of a signal at a specified 
input terminal 
and a subsequent 
active 
transition 
at another 
specified 
input terminal 


Valid Time 


Delay time from 50% rising edge of serial clock 
input to 10% change 
in serial output 


Pulse Duration 


Active pulse time measured 
at 50% of steady-state 
amplitude 
from leading 
edge to trailing 
edge of the 
same pulse 


Breakdown 
Voltage 


Drain-to-source 
voltage 
at which 
device 
avalanche 
multiplication 
occurs 


Drain-Source 
Voltage 


Voltage 
measured 
across 
the drain to source 


Gate-Source 
Voltage 


Measurement 
of the input voltage 
in reference 
to the source 


Input Voltage 


Voltage 
measured 
from gate to source 


High-Level 
Input Voltage 


Voltage 
on gate that initiates 
drain-to-source 
turn on 


Low-Level 
Input Voltage 


Voltage 
on gate that initiates 
drain-to-source 
turn off 


High-LeveL Output Voltage 


Voltage 
measured 
on the source-to-drain 
in high state 


Output 
Clamp Voltage 


Voltage 
measured 
on the source 
to clamp 
input 


Low-Level 
Output Voltage 


Voltage 
measured 
on the drain-to-source 
in low state 


Forward 
On-Voltage 


Voltage 
measured 
on the source-to-drain 
in the forward 
direction 


Overvoltage 
Shutdown 
Voltage 


Specified 
temperature 
at which 
overvoltage 
shutdown 
circuit 
is activated 


Gate-Source 
Threshold 
Voltage 


Gate voltage 
required 
to produce 
a specified 
amount 
of drain curren 
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• 
Low 
rOS(on) ... 
0.23 Q Typ 


• 
High 
Voltage 
Output 
... 
60 V 


• 
Extended 
ESD Capability 
... 
4000 V 


• 
Pulsed 
Current 
... 
11.25 A Per Channel 


• 
Fast Commutation 
Speed 


OW PACKAGE 
(TOP VIEW) 


The 
TPIC1301 
is 
a 
monolithic 
gate-protected 
power OMOS array that consists 
of six electrically 
isolated 
N-channel 
enhancement-mode 
OMOS 
transistors 
configured 
as three 
half 
H-bridges. 
Each 
transistor 
features 
integrated 
high-current 
zener 
diodes 
(ZCXa and ZCXb) 
to prevent 
gate 
damage 
in the event that an overstress 
condition 
occurs. 
These 
zener diodes 
also provide 
up to 4000 V of ESO protection 
when tested 
using the human-body 
model 
of a 1OO-pF capacitor 
in series with a 1.5-kQ 
resistor. 


The TPIC1301 
is offered in a 24-pin wide-body 
surface-mount 
(OW) package 
and is characterized 
for operation 
over the case temperature 
range of -40°C 
to 125°C. 


OUTPUT1 
GATE4 
SOURCE4 
SOURCE4 
GND 
GND 
GATES 
SOURCE6 
SOURCE6 
GATE6 
OUTPUT3 
OUTPUT3 


•1 
24 


2 
23 


3 
22 


4 
21 


5 
20 


6 
19 
7 
18 


8 
17 


9 
16 


10 
15 


11 
14 


12 
13 


OUTPUT1 
GATE1 
DRAIN1 
DRAIN1 
DRAIN2 
DRAIN2 
OUTPUT2 
OUTPUT2 
GATE2 
DRAIN3 
DRAIN3 
GATE3 


GATES 
7 
GATE2 
ORAIN2 
16 
19,20 


GATE1 
23 


ZC1b 


ZC1a 


OUTPUT1 
1, 24 


2 
Z4 
Z5 
Z6 
10 
GATE4 
GATE6 


ZC4b 
ZC5b 
ZC6b 


ZC4a 
ZC5a 
ZC6a 


SOURCE4 
3,4 
8,9 
SOURCE6 


GNO 
NOTE: 
For correct operation, no terminal pin may be taken below GND. 


PRODUCTION 
DATA information 
I, 
current 
is 
of publication 
datto 
Products conform to specifications per the lenTIl of TIUlslnstrumentl 
standard 
Wlrranty. 
Production 
proeeu;ng 
does 
not nece&llrily Include 
testing 
of all parameters. 
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absolute 
maximum 
ratings over operating 
case temperature 
range (unless otherwise 
noted)t 


Drain-to-GND 
voltage, 
VOG 
100 V 
Drain-to-source 
voltage, 
VOS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
60 V 
Output-to-GND 
voltage 
60 V 
SOURCE4, 
SOURCE6-to-GND 
voltage 
60 V 
Gate-to-source 
voltage 
range, V GS 
-9 
V to 18 V 
Continuous 
drain current, 
each output, 
TC = 25°C 
2.25 A ' 


Continuous 
source-to-drain 
diode current, 
TC = 25°C 
2.25 A 
Pulsed 
drain current, 
each output, 
Imax• TC = 25°C (see Note 1 and Figure 
15) 
:... 
11.25 A 
Continuous 
gate-to-source 
zener-diode 
current, 
TC = 25°C 
±50 
mA 
Pulsed 
gate-to-source 
zener-diode 
current, 
Tc = 25°C 
±500 
mA 
Single-pule 
avalanche 
energy. 
EAS, TC = 25°C (see Figures 
4, 15, and 16) 
17.2 mJ 
Continuous 
total dissipation, 
TC = 25°C (see Figure 
15) 
1.39 W 
Operating 
virtual junction 
temperature 
range, TJ 
-40°C 
to 150°C 
Operating 
case temperature 
range, TC 
-40°C 
to 125°C 
Storage 
temperature 
range 
-65°C 
to 150°C 
Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
NOTE 1: 
Pulse duration = 10 ms, duty cycle = 2% 


~TEXAS 
INSTRUMENTS 


TPIC1301 
3-HALF H-BRIDGE GATE-PROTECTED 
POWER DMOS ARRAY 
SLlS037 
- NOVEMBER 
1994 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


V(BR\DSX 
Drain-to-source 
breakdown voltage 
ID = 250 j.IA, 
VGS= a 
60 
v 


VGS(th) 
Gate-to-source 
threshold voltage 
ID= 1 mA, 
VDS=VGS, 
1.5 
1.75 
2.2 
V 
See Figure 5 


V(BRlGS 
Gate-to-source 
breakdown voltage 
IGS = 250 j.IA 
18 
V 


VrBRlSG 
Source-to-gate 
breakdown voltage 
ISG = 250 j.IA 
9 
V 


V(BR) 
Reverse drain-to-GND 
breakdown voltage 
Drain-to-GND 
current = 250 j.IA 
100 
V 
(across D1-D5) 


VDS(on) 
Drain-to-source 
on-state voltage 
ID = 2.25 A, 
VGS= 
10V, 
0.52 
0.62 
V 
See Notes 2 and 3 


IS = 2.25 A, 


VF(SD) 
Forward on-state voltage, source-to-drain 
VGS = a (Z1-Z6), 
1 
1.2 
V 
See Notes 2 and 3 and Figure 12 


VF 
Forward on-state voltage, GND-to-drain 
ID = 2.25 A (D1-D5) 
5 
V 
See Notes 2 and 3 


VDS=48 
V, 
TC = 25°C 
0.05 
1 
IDSS 
Drain current-gate 
shorted to source 
VGS =0 
TC = 125°C 
0.5 
10 
JlA 


IGSSF 
Forward-gate 
current, drain short circuited to 
VGS=15V, 
VDS =0 
20 
200 
nA 
source 


IGSSR 
Reverse-gate 
current, drain short circuited to 
VSG = 5 V, 
VDS =0 
10 
100 
nA 
source 


Leakage current, drain-to-GND 
TC = 25°C 
0.05 
1 
Ilkg 
Gate shorted to source 
VDGND=48 
V 
TC = 125°C 
0.5 
10 


j.IA 


VGS=10V, 
TC = 25°C 
0.23 
0.275 


rDS(on) 
Static drain-to-source 
on-state resistance 
ID = 2.25 A, 
Q 
See Notes 2 and 3 
and Figures 6 and 7 
TC = 125°C 
0.35 
0.4 


9fs 
Forward transconductance 
VDS=15V, 
ID = 1.125 A, 
1.6 
2.21 
S 
See Notes 2 and 3 and Figure 9 


Ciss 
Short-circuit 
input capacitance, 
common source 
200 
250 


Coss 
Short-circuit 
output capacitance, 
common source 
VDS =25V, 
VGS =0, 
175 
220 
pF 
Short-circuit 
reverse transfer capacitance, 
common 
f=1 
MHz, 
See Figure 11 
Crss 
source 
40 
75 


NOTES: 
2. 
Technique should limit TJ - TC to 1Q°C maximum. 
3. 
These parameters are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


trr 
Reverse-recovery 
time 
IS = 1.125 A, 
VDS =48 V, 
IZ1, Z2, and Z3 
50 
ns 


QRR 
Total diode charge 
VGS =0, 
di/dt = 100 AlJlS, 
See Figures 1 and 14 
65 
nC 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


td(on) 
Turn-on delay time 
25 
50 


td(off) 
Turn-off delay time 
VOO=25 
V, 
RL = 20 Q, 
ten = 10 ns, 
25 
50 
ns 
tr 
Rise time 
tdis = 10 ns, 
See Figure 2 
15 
30 


tf 
Fall time 
7 
15 


Og 
Total gate charge 
6.2 
7.4 


Ogs(th) 
Threshold gate-to-source 
charge 
VOS=48 
V, 
IO=1.125A, 
VGS=10V, 
0.7 
0.8 
nC 
See Figure 3 


0gd 
Gate-to-drain 
charge 
2.4 
2.9 


LO 
Internal drain inductance 
5 
nH 
LS 
Internai source inductance 
5 


Ra 
Internal gate resistance 
0.25 
n 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


RaJA 
Junction-to-ambient 
thermal resistance 
See Notes 4 and 7 
90 
°CIW 


RaJB 
Junction-to-board 
thermal resistance 
See Notes 5 and 7 
45 
°CIW 


RaJP 
Junction-to-pin 
thermal resistance 
See Notes 6 and 7 
28 
°CIW 


NOTES: 
4. 
Package mounted on an FR4 printed-circuit 
board with no heatsink. 


5. 
Package mounted on a 24 in2, 4-layer FR4 printed-circuit 
board. 
6. 
Package mounted in intimate contact with infinite heatsink. 


7. 
All outputs with equal power 
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~ 
VOS=48V 


... 
trr (SO)-· ---"o--_•.~_ 
.. ~;~ ;5~C 


IS 
Ii: 
Z1, Z2, and Z3 


Reverse dildt = 100 AI)lS 


IRMt :--...:._-- 
--- 


"....,..-" 
I t 
+ 
T 


CL30pF 
(see Note A) 


ten -----.I 14- 
---+I j+- tdis 


~ 


1r---10V 


VGS 
I 
I I 
I 
I 
OV 


ld(on) ~ 
r- ~ ~ td(off) 


tf --.I 
j4- 
--+l 
I+- tr 
{ I 
I }-- 
VOO 
'\ 
Jt- - 
VOS(on) 


TEST CIRCUIT 


NOTE A: 
CL includes probe and jig capacitance. 
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Same Type 
12-V 
- 
0.21!F 
SOkn 
as OUT 
Battery 
10 V 


Voo-=- 


VGS 
j 
OUT 
ofi1 


IG Current- 
-=- 
10 Current- 
Sampling 
Resistor 
Sampling 
Resistor 


TEST CIRCUIT 


~lav 
tw -+j 
I 


t-t--- 
1SV 


- 
I 
ov 
--1--- 
IAS 


:: 
(see Note B) 


I 
ov 


Pulse Generator 
(see Note A) 
r------, 
I 
son I 
II Rgen 
I 
I 
fi 
I 
I 
I 
II 
I 
L 
.J 


~ 


VGS -J 


I 
I 
I 


----- 
OV 


VOLTAGE ANO CURRENT WAVEFORMS 


NOTES: 
A. 
The pulse generator has the following characteristics: 
tr " 10 ns, tf " 10 ns, Zo = 50 n. 


B. 
Input pulse duration (tw) is increased until peak current IAS = 11.25 A. 


IAS x V(BR)DSX 
x tav 
Energy test level is defined 
as EAS = 
2 
= 17.2 mJ. 
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GATE-TO-SOURCE 
THRESHOLD VOLTAGE 
vs 
JUNCTION TEMPERATURE 


o 
-~-~ 
0 
~ 
~ 
00 
~ 
l00l~ 
1~100 


TJ - Junction 
Temperature 
- °C 


STATIC DRAIN-TO-SOURCE 
ON-STATE RESISTANCE 
vs 
DRAIN CURRENT 


TJ 
25°C 


VGS=10V 
V 


I 
I11I 
I.- 
Iliif'l 


STATIC DRAIN-TO-SOURCE 
ON-STATE RESISTANCE 
vs 
JUNCTION TEMPERATURE 


o 
- 40 - 20 
0 
20 
40 
60 
80 
100 120 
140 
160 


TJ - Junction 
Temperature 
- °C 


DRAIN CURRENT 
vs 
DRAIN-TO-SOURCE 
VOLTAGE 


c( 
Ii: 
~ 
::J 
U 
c:: 
"i!c 
I 
C 
3 


2 
3 
4 
5 
6 
7 
8 
9 
10 


VOS - Orain-to-Source 
Voltage 
- V 


CIl 
l:!il c: 
en 
I 
0.5 
~ ~ 
c:: 
c:: 
.~~ 
C 
"in 
u 
&! 
~ ~ 
VI ! 
I 
en 
cc 
2.0 
enfl 


1 
10 
10 - Orain Current 
- A 
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25 


20 
<f. 


1:l 
'c 
15 
~ 
(; 
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10 
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'"Q. 
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0 


800 


720 
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560 
u. 
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I 
480 


'""c 
400 
S'u 
'" 
320 
Q. 


'"0 
240 


160 


80 


DISTRIBUTION OF 
FORWARD TRANSCONDUCTANCE 


I 
'-- 
Total Number 01 
Units = 2196 
VoS = 15 V 
10 = 1.125 A 
TJ = 25°C 


- 


I-- I-- 
'-- 
- 


I-- 


0 
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0 
0 
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0 
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0 
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0 
M 
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9ls - Forward Transconductance 
- S 


Figure 9 


CAPACITANCE 
vs 
DRAIN·TO-SOURCE 
VOLTAGE 


VGS = 0 
1= 1 MHz 
TJ = 25°C 
Ciss(O) = 307 pF 
Coss(O) = 437 pF 
Crss(O) = 141 pF 


~ 
Ciss 


1\ 
Coss 
Crss 
I 
I 
o 
o 
4 
8 
12 
16 
20 
24 
28 
32 
36 
40 


VoS - orain-to-Source 
Voltage - V 


DRAIN CURRENT 
vs 
GATE·TO·SOURCE 
VOLTAGE 


10 


9 


8 


« 
7 
I-c 
6 
~ 
::l 
5 
0 
c.~ 
4 
C 
I 
C 
3 


2 


0 
0 
2 
3 
4 
5 
6 
7 
8 
9 
10 


VGS - Gate-ta-Source 
Voltage - V 


Figure 10 


SOURCE-TO-DRAIN 
DIODE CURRENT 
vs 
SOURCE-TO-DRAIN 
VOLTAGE 


10 
« 
6 
VGS = 0 
I 
'E 
4 
~ 
::l0 


'" 
2 
'00 
is 
c.~ 
C 
" 
0.6 
d; 
l::! 
::l 
0.4 
0 
CJ) 
Ic 
0.2 
!E 


0.1 
0.1 
1 
10 


VSo - Source-to-orain 
Voltage - V 


Figure 12 
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DRAIN-TO-SOURCE 
VOLTAGE AND 
GATE-TO-SOURCE 
VOLTAGE 
vs 
GATE CHARGE 


> 
50 
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III 
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40 
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III~ 
'" 
30 
0 
rJ? 
~ 
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20 
c 
I 
enC 
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~ 
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Og - Gate Charge - nC 


REVERSE RECOVERY TIME 
vs 
REVERSE di/dt 


50 


'"c: 
I 
45 


III 
E 
i=~ 
40 
III>0 
(,) 
III 
II: 
III 
'" 
35 
S> 
III 
II: 
VOS =48 V 
I~ 
VGS = 0 
30 
IS = 1.125 A 
TJ = 25°C 
See Figure 
1 


25 
0 
100 
200 
300 
400 


Reverse 
dildt - A/J.!s 
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MAXIMUM DRAIN CURRENT 
vs 
DRAIN-TO-SOURCE 
VOLTAGE 


TC = 25°C 
W 


I 


I 
1 ~st 


- 
10mst 
~ 
- 
X 
I 
"' 
1 mst " 
500 ~st 


ElJAI: •••• 


~~P§ 
DC Conditions 
I 
I 


I 
I 
1111111 
N 


<1: 
I 
C~ 
:; 
10 
u 
c: 
Ec 
E 
::> 
E'x 
••:; 
I 
C 


VDS - Drain-to-Source 
Voltage - V 
t Less than 2% duty cycle 


:t: Device mounted on FR4 printed-circuit 
board with no heatsink. 
§ Device mounted in intimate comact with infinite heatsink. 


Figure 15 


MAXIMUM PEAK AVALANCHE CURRENT 
vs 
TIME DURATION OF AVALANCHE 


See Figure 4 


"" 
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ow PACKAGEt 
JUNCTION-TO·BOARD 
THERMAL RESISTANCE 
vs 
PULSE DURATION 


I I 


DC Conditions 


I I 
'if'" 


d=0.5 
./. ~jIll 


I I 
~ 
~ ..• V 
d _0.2 
.-:: 


A 
d = 0.1 
W" 
- 
I I 
_ •... 
./ 
~ 
.-..- 
•••.....~ 
d=O~ 
•••••1--' 
~ 


I 


I 
I 
::::..- •••••1--' 


~ 
/ 


,/ 


.....-:""1 
I 


d = 0.01 
I 1/ 


tw-.I~1 
1/1 


Ain~le 
Pulse 
-SLJL 
ID 


/ 
IIII 
II 


0 


II 
II 


tw - Pulse Duration - s 


t Device mounted on 24 in2, 4-layer FR4 printed-circuit 
board with no heatsink 


NOTE A. 
ZeB(t) = r(t) R9JB 
tw = pulse duration 
tc = cycle time 
d = duty cycle = twltc 
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• 
Low rDS(on) ... 
0.35 Q Typ 
• 
Voltage Output ... 
60 V 
• 
Input Protection 
Circuitry. 
.. 
18 V 


• 
Pulsed Current ... 
4 A Per Channel 


• 
Extended ESD Capability 
... 
4000 V 


• 
Direct Logic-Level 
Interface 


ow PACKAGE 
(TOP VIEW) 


The TPIC1321 L is a monolithic gate-protected 
logic-level power DMOS array that consists of six 
electrically 
isolated 
N-channel 
enhancement- 
mode DMOS transistors 
configured 
as 3-half 
H-bridges. Each transistor features integrated 
high-current zener diodes (ZCXa and ZCXb) to 
prevent gate damage in the event that an overstress condition occurs. These zener diodes also provide up to 
4000 V of ESD protection when tested using the human-body model of a 1OO-pFcapacitor in series with a 1.5-kQ 
resistor. 


OUTPUTl 
GATE4 
SOURCE4 
SOURCE4 
GND 
GND 
GATES 
SOURCE6 
SOURCE6 
GATE6 
OUTPUT3 
OUTPUT3 


• 
1 
24 


2 
23 


3 
22 


4 
21 


5 
20 


6 
19 


7 
18 


8 
17 


9 
16 


10 
15 


11 
14 


12 
13 


OUTPUTl 
GATEl 
DRAINl 
DRAINl 
DRAIN2 
DRAIN2 
OUTPUT2 
OUTPUT2 
GATE2 
DRAIN3 
DRAIN3 
GATE3 


The TPIC1321 L is offered in a 24-pin wide-body surface-mount (DW) package and is characterized for 
operation over the case temperature of -40°C to 125°C. 


OUTPUT2 
17,18 


GATE5 
GATE2 
ORAIN2 


ORAIN1 
21, 22 
7 
16 
19,20 


23 
Zl 
Z2 
Z3 
GATE1 


ZC1b 
01 
02 
ZC1a 
ZC2a 
03 


OUTPUT1 
1,24 
04 
05 


13 
GATE3 


ZC3b 


ZC3a 
11,12 
OUTPUT3 


GATE4 
2 
Z4 
Z5 
Z6 
10 
GATE6 


ZC4b 
ZC5b 
ZC6b 


ZC4a 
ZC5a 
ZC6a 


SOURCE4 
3,4 
8,9 
SOURCE6 


PROOUCTlON DATA information is current u of publleltlon 
datto 


Products conform to apeclflcationl 
per the terms 01Texas Instruments 


standard 
warranty. 
Production 
processing 
does 
not necesurify include 
testing 
of all parameters. 
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absolute 
maximum 
ratings over operating 
case temperature 
range (unless otherwise 
noted)t 


Drain-to-source 
voltage, 
VOS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
60 V 
Output-to-GND 
voltage 
60 V 
Drain-to-GND 
voltage 
100 V 
SOURCE4, 
SOURCE6-to-GND 
voltage 
60 V 
Gate-to-source 
voltage 
range, VGS 
-9 
V to 18 V 
Continuous 
drain current, 
each output, 
TC = 25°C 
1.25 A 
Continuous 
source-to-drain 
diode current, 
TC = 25°C 
1.25 A 
Pulsed 
drain current, 
each output, 
Imax, TC = 25°C (see Note 1 and Figure 
15) 
4 A 
Continuous 
gate-to-source 
zener-diode 
current, 
TC = 25°C 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
±50 
mA 
Pulsed 
gate-to-source 
zener-diode 
current, 
TC = 25°C 
. . . . . . . . . . . . . . .. 
±500 
mA 
Single-pulse 
avalanche 
energy, 
EAS TC = 25°C (see Figures 
4 and 16) 
96 mJ 
Continuous 
total dissipation, 
TC = 25°C (see Figure 
15) 
1.39 W 
Operating 
virtual junction 
temperature 
range, TJ 
-40°C 
to 150°C 
Operating 
case temperature 
range, TC 
-40°C 
to 125°C 
Storage 
temperature 
range 
-65°C 
to 150°C 
Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
260°C 
t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 


NOTE 1: 
Pulse duration = 10 ms, duty cycle = 2% 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VrsRlDSX 
Orain-to-source 
breakdown voltage 
10 = 250 llA, 
VGS = 0 
60 
V 


VGS(th) 
Gate-to-source 
threshold voltage 
10=1 
mA, 
VOS = VGS, 
1.5 
1.75 
2.2 
V 
See Figure 5 


V(BR)GS 
Gate-to-source 
breakdown voltage 
IGS = 250 llA 
18 
V 


VIBR1SG 
Source-to-gate 
breakdown voltage 
ISG = 25011A 
9 
V 


V(BR) 
Reverse drain-to-GNO 
breakdown voltage 
Orain-to-GNO current = 250 llA 
100 
V 
(across 01 , 02, 03, 04, 05) 


VOS(on) 
Orain-to-source 
on-state voltage 
10 = 1.25A, 
VGS = 5 V, 
0.44 
0.5 
V 
See Notes 2 and 3 


IS = 1.25 A, 


VF(SO) 
Forward on-state voltage, source-to-drain 
VGS = 0 (Z1 - Z6), 
0.9 
1.1 
V 
See Notes 2 and 3 and Figure 12 


VF 
Forward on-state voltage, GNO-to-drain 
10 = 1.25 A (01 - 05) 
4 
V 
See Notes 2 and 3 


VOS =48 V, 
TC = 25°C 
0.05 
1 
lOSS 
Zero-gate-voltage 
drain current 
VGS = 0 
TC = 125~C 
0.5 
10 
llA 


IGSSF 
Forward-gate 
current, drain short circuited to source 
VGS=15V, 
VOS=O 
20 
200 
nA 


IGSSR 
Reverse-gate 
current, drain short circuited to source 
VSG = 5V, 
VOS=O 
10 
100 
nA 


TC = 25°C 
0.05 
1 
Ilkg 
Leakage current, drain-to-GNO 
VOGNO =48 V 
TC = 125°C 
0.5 
10 
llA 


VGS=5V, 
TC = 25°C 
0.35 
0.4 


rOS(on) 
Static drain-to-source 
on-state resistance 
10 = 1.25A, 
Q 
See Notes 2 and 3 
and Figures 6 and 7 
TC = 125°C 
0.57 
0.6 


9fs 
Forward transconductance 
VOS=15V, 
10=625 
mA, 
1.6 
1.74 
S 
See Notes 2 and 3 and Figure 9 


Ciss 
Short-circuit 
input capacitance, 
common source 
200 
250 


Coss 
Short-circuit 
output capacitance, 
common source 
VOS=25 
V, 
VGS =0, 
175 
220 
pF 
Short-circuit 
reverse-transfer 
capacitance, 
f= 1 MHz, 
See Figure 11 
Crss 
common source 
40 
75 


NOTES: 
2. 
Technique should limit TJ - TC to 10°C maximum. 


3. 
These parameters are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


trr 
Reverse-recovery 
time 
IS =625 
mA, 
VOS=48 
V, 
IZ1, Z2, and Z3 
45 
ns 
VGS =0, 
di/dt = 100 NilS, 


°RR 
Total diode charge 
See Figures 1 and 14 
50 
nC 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


!d(on) 
Turn-on delay time 
34 
70 


!d(off) 
Turn-off delay time 
VOO = 25 V, 
RL = 40 Q, 
!en = 10 ns, 
80 
150 
ns 
tr 
Rise time 
!dis = 10 ns, 
See Figure 2 
28 
55 


tf 
Fall time 
15 
30 


Og 
Total gate charge 
4.6 
5.8 


Ogs(th) 
Threshold gate-to-source 
charge 
VOS = 48 V, 
10 =625 
mA, 
VGS = 5 V, 
0.7 
0.88 
nC 
See Figure 3 
0gd 
Gate-to-drain 
charge 
2.5 
3.13 


LO 
Internal drain inductance 
5 
nH 
LS 
Internal source inductance 
5 


Rg 
Internal gate resistance 
0.25 
n 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


RaJA 
Junction-to-ambient 
thermal resistance 
See Notes 4 and 7 
90 


ReJB 
Junction-to-board 
thermal resistance 
See Notes 5 and 7 
44.5 
°CIW 


RaJp 
Junction-to-pin 
thermal resistance 
See Notes 6 and 7 
28 


NOTES: 
4. 
Package mounted on an FR4 printed-circuit 
board with no heatsink. 
5. 
Package mounted on a 24 in2, 4-layer FR4 printed-circuit 
board. 
6. 
Package mounted in intimate contact with infinite heatsink. 


7. 
All outputs with equal power 
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t IRM = maximum recovery current 


Figure 1. Reverse-Recovery-Current 
Waveform of Source-to-Drain 
Diode 


CL = 30 pF 
(see Note A) 
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TEST CIRCUIT 


NOTE A: 
CL includes probe and jig capacitance. 
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Same Type 
12-V - 
0.211F 
50 !ill 
as OUT 
Battery 
SV 


VOO-=- 
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1 
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TEST CIRCUIT 


Pulse Generator 
(see Note A) 
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VOLTAGE AND CURRENT WAVEFORMS 


NOTES: 
A. 
The pulse generator has the following characteristics: 
tr ,; 10 ns, tf ,; 10 ns, Zo = 50 Q. 


B. 
Input pulse duration (tw) is increased until peak current IAS = 4 A. 


IAS 
x 
V (BR)DSX 
x 
tav 
Energy test level is defined 
as EAS 
= 
2 
= 96 mJ. 
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GATE-TO-SOURCE 
THRESHOLD VOLTAGE 
vs 
JUNCTION TEMPERATURE 
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STATIC DRAIN-TO·SOURCE 
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vs 
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STATIC DRAIN-TO-SOURCE 
ON·STATE RESISTANCE 
vs 
JUNCTION TEMPERATURE 
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DRAIN CURRENT 
vs 
GATE·TO·SOURCE 
VOLTAGE 
DISTRIBUTION OF 
FORWARD TRANSCONDUCTANCE 
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Figure 10 


SOURCE-TO-DRAIN 
DIODE CURRENT 
vs 
SOURCE-TO-DRAIN 
VOLTAGE 
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Figure 12 
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VGS= 0 
1= 1 MHz 
TJ = 25°C 
Ciss(O) = 307 pF 
Coss(O) = 437 pF 
Crss(O) = 141 pF 
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DRAIN-TO-SOURCE 
VOLTAGE AND 
GATE-TO-SOURCE 
VOLTAGE 
vs 
GATE CHARGE 
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REVERSE-RECOVERY 
TIME 
vs 
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MAXIMUM DRAIN CURRENT 
vs 
DRAIN-TO-SOURCE 
VOLTAGE 
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DC Conditions 
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VDS - Drain-ta-Source 
Voltage - V 


t Less than 2% duty cycle 


:l: Device mounted on FR4 printed-circuit board with no heatsink. 
§ Device mounted in intimate contact with infinite heatsink. 


MAXIMUM PEAK AVALANCHE CURRENT 
vs 
TIME DURATION OF AVALANCHE 


See Figure 4 
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DWPACKAGEt 
JUNCTION· TO·BOARD 
THERMAL RESISTANCE 
vs 
PULSE DURATION 
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tw - Pulse Duration - s 
t Device mounted on 24 in2, 4-layer FR4 printed-circuit 
board with no heatsink. 


NOTE A: 
Zas(t) = r(t) RaJS 


tw = pulse duration 
tc = cycle time 
d = duty cycle = twltc 
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• 
Low rOS(on): 
100 mQ Typ (Full H-Bridge) 
400 mQ Typ (Triple Half H-Bridge) 


• 
Pulsed Current: 
12 A (Full H-Bridge) 
6 A (Triple Half H-Bridge) 


• 
Matched Sense Transistor 
for Class A-B 
Linear Operation 


• 
Fast Commutation 
Speed 


TPIC1501A 
QUAD AND HEX POWER DMOS ARRAY 


OUTPUT3 
GND 
GATE3B 
GATE2B 
SENSE 
OUTPUT2 
GATE4B 
GATE2A 
GATE5B 
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OUTPU74 
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ow PACKAGE 
(TOP VIEW) 
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The TPIC1501 is a monolithic power DMOS array 
that consists of ten electrically isolated N-channel 
enhancement-mode 
power DMOS transistors, 


four of which are configured as a full H-bridge and 
six as a triple half H-bridge. The lower stage of the 
full 
H-bridge 
is 
provided 
with 
an 
integrated 
sense-FET to allow biasing of the bridge in class 
A-B operation. 


The TPIC1501 is offered in a 24-pin wide-body surface-mount (DW) package and is characterized for operation 
over the case temperature range of -40°C to 125°C. 
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NOTES: 
A. 
Pins 2 and 23 must be externally connected. 


B. 
Pins 14 and 24 must be externally connected. 


C. 
No terminal may be taken greater than 0.5 V below GND. 
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absolute 
maximum 
ratings, TC = 25°C (unless 
otherwise 
noted)t 


Supply-to-GND voltage 
20 V 
Source-to-GND voltage (Q3A, Q4A, Q5A) 
20 V 
Output-to-GND voltage 
20 V 
Sense-to-GND voltage 
20 V 
Gate-to-source voltage range, VGS (Q1A, Q18, Q2A, Q28, Q3A, Q38, Q4A, Q48, Q5A, Q58) 
±20 V 
Gate-to-source voltage range, VGS (Q2C) 
-0.7 V to 6 V 
Continuous drain current, each output (Q1A, Q18, Q2A, Q28) 
3 A 
Continuous drain current, each output (Q3A, Q38, Q4A, Q48, Q5A, Q58) 
1.5 A 
Continuous drain current (Q2C) 
15 mA 
Continuous source-to-drain diode current (Q1A, Q18, Q2A, Q28) 
3 A 
Continuous source-to-drain diode current (Q3A, Q38, Q4A, Q48, Q5A, Q58) 
1.5 A 
Continuous source-to-drain diode current (Q2C) 
15 mA 
Pulsed drain current, each output, Imax(Q1A, Q18, Q2A, Q28) (see Note 1 and Figure 24) 
12 A 
Pulsed drain current, each output, Imax(Q3A, Q38, Q4A, Q48, Q5A, Q58) 
(see Note 1 and Figure 25) 
6 A 
Pulsed drain current, Imax(Q2C) (see Note 1) 
60 mA 
Continuous total dissipation, TC = 70°C (see Note 2 and Figures 24 and 25) 
2.86 W 
Operating virtual junction temperature range, TJ 
-40°C 
to 150°C 
Operating case temperature range, TC 
-40°C 
to 125°C 
Storage temperature range, Tstg 
-65°C 
to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
NOTES: 
1. 
Pulse duration = 10 ms, duty cycle = 2% 


2. 
Package mounted in intimate contact with infinite heatsink. 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VIBRlDSX 
Orain-to-source 
breakdown voltage 
10 = 250 !LA, 
VGS = 0 
20 
V 


10=1 
mA, 
VOS = VGS, 
1.4 
1.7 
2.1 
VGS(th) 
Gate-to-source 
threshold voltage 
See Figure 5 
V 


10 =5 mA, 
VOS = VGS 
1.65 
1.95 
2.35 


VGSlth)match 
Gate-to-source 
threshold voltage matching 
10 =5 mA, 
VOS = VGS 
40 
mV 


V(BR) 
Reverse drain-to-GNO 
breakdown voltage 
Orain-to-GNO current = 250 !LA 
20 
V 
(01,02) 


VOS(on) 
Orain-to-source 
on-state voltage 
10=2A, 
VGS=10V, 
0.24 
V 
See Notes 3 and 4 


VF 
Forward on-state voltage, GNO-to-V001, 
10 = 3 A (01, 02) 
1.8 
V 
GNO-to-V002 
See Notes 3 and 4 


IS=2A, 
VGS =0, 
0.85 
1.05 


VF(SO) 
Forward on-state voltage, source-to-drain 
See Notes 3 and 4 and Figure 19 
V 
IS=3A, 
VGS = 0, 
0.9 
1.1 
See Notes 3 and 4 and Figure 19 


VOS=16V, 
TC = 25°C 
0.05 
1 
lOSS 
Zero-gate-voltage 
drain current 
VGS =0 
TC = 125°C 
0.5 
10 
!LA 


IGSSF 
Forward-gate 
current, drain short circuited 
VGS=16V, 
VOS =0 
10 
100 
nA 
to source 


IGSSR 
Reverse-gate 
current, drain short circuited 
VSG=16V, 
VOS =0 
10 
100 
nA 
to source 


Leakage current, V001-to-GNO, 
TC = 25°C 
0.05 
1 
Ilkg 
V002-to-GNO, 
gate shorted to source 
VOGNO = 16V 
TC = 125°C 
0.5 
10 
!LA 


VGS= 
10V, 
TC = 25°C 
0.1 
0.12 
10=2A, 
See Notes 3 and 4 
TC = 125°C 
and Figure 9 
0.14 
0.18 


rOS(on) 
Static drain-to-source 
on-state resistance 
Q 
VGS= 
10V, 
TC = 25°C 
0.1 
0.12 
10=3A, 
See Notes 3 and 4 
TC = 125°C 
and Figures 7 and 9 
0.14 
0.18 


VOS = 10V, 
10= 1 A, 
1.5 
2.5 
See Notes 3 and 4 
9fs 
Forward transconductance 
S 
VOS = 10V, 
10 = 1.5 A, 


2 
3 
See Notes 3 and 4 and Figure 13 


Ciss 
Short-circuit 
input capacitance, 
common 
300 
source 


Coss 
Short-circuit 
output capacitance, 
common 
VOS= 
10V, 
VGS =0, 
225 
pF 
source 
f= 
1 MHz, 
See Figure 17 


Crss 
Short-circuit 
reverse transfer capacitance, 
160 
common source 


as 
Sense-FET drain current ratio 
VOS=6 
V, 
101Q28) = 5 mA 
100 
150 
200 


NOTES: 
3. 
Technique should limit TJ - TC to 10°C maximum. 
4. 
These parameters are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts. 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


trr 
Reverse-recovery 
time 
IS= 1.5A, 
VGS = 0, 
70 
ns 
VOS= 
16 V, 
di/dt = 100 NilS, 


°RR 
Total diode charge 
See Figures 1 and 23 
90 
nC 


trr 
Reverse-recovery 
time 
IS=2A, 
VGS = 0, 
75 
ns 


°RR 
Total diode charge 
VOS=16V, 
di/dt = 100 NilS, 
110 
nC 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


td(on) 
Turn-on delay time 
20 


Idloff) 
Turn-off delay time 
VOO= 
16 V, 
RL= 
16Q, 
ten = 10 ns, 
30 
ns 
tr 
Rise time 
Idis = 10 ns, 
See Figure 3 
15 


tf 
Fall time 
25 


Og 
Total gate charge 
5.6 
7 


Ogs(th) 
Threshold gate-to-source 
charge 
VOS=16V, 
10= 1.5A, 
VGS = 10V, 
0.8 
1 
nC 
See Figure 4 


°gd 
Gate-to-drain 
charge 
1.2 
1.5 


LO 
Internal drain inductance 
5 
nH 
LS 
Internal source inductance 
5 


Rg 
Internal gate resistance 
0.25 
Q 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VCBRIDSX 
Orain-to-source 
breakdown voltage 
10 = 250 ~A, 
VGS=O 
20 
V 


10=1 
mA, 
VOS =VGS, 
1.4 
1.7 
2.1 
VGS(th) 
Gate-to-source 
threshold voltage 
See Figure 6 
V 


10=5 
mA, 
VOS= 
VGS 
1.65 
1.95 
2.35 


VGSlthlmatch 
Gate-to-source 
threshold voltage matching 
10=5mA, 
VOS = VGS 
40 
mV 


VrBR) 
Reverse drain-to-GNO 
breakdown voltage 
Orain-to-GNO current = 250 ~ 
(03) 
20 
V 


VOS(on) 
Orain-to-source 
on-state voltage 
10= 1.5A, 
VGS= 
10V, 
0.675 
V 
See Notes 3 and 4 


VF 
Forward on-state voltage, GNO-to-V003 
10 = 1.5 A (03) 
1.7 
V 
See Notes 3 and 4 


IS= 1.5A, 
VGS = 0 
1 
1.2 


VF(SO) 
Forward on-state voltage, source-to-drain 
See Notes 3 and 4 and Figure 20 
V 
IS=2A, 
VGS = 0 
1.1 
1.3 
See Notes 3 and 4 and Figure 20 


VOS= 
16 V, 
TC = 25°C 
0.05 
1 


lOSS 
Zero-gate-voltage 
drain current 
VGS = 0 
TC = 125°C 
0.5 
10 
~ 


IGSSF 
Forward-gate 
current, drain short circuited 
VGS = 16V, 
VOS=O 
10 
100 
nA 
to source 


'GSSR 
Reverse-gate 
current, drain short circuited 
VSG= 
16V, 
VOS=O 
10 
100 
nA 
to source 


Leakage current, V003-to-GNO, 
TC=25°C 
0.05 
1 


'Ikg 
gate shorted to source 
VOGNO= 
16V 
TC= 
125°C 
0.5 
10 
~A 


VGS= 
10V, 
TC=25°C 
0.35 
0.39 
'0 =0.3A, 
TC = 90°C 
0.45 
0.5 
See Notes 3 and 4 
and Figures 8 and 10 
TC = 125°C 
0.50 
0.56 
rOS(on) 
Static drain-to-source 
on-state resistance 
Q 
VGS= 
10V, 
TC=25°C 
0.4 
0.45 
'0=1.5A, 
See Notes 3 and 4 
TC = 125°C 
and Figure 10 
0.56 
0.65 


VOS= 
10V, 
'0=5OOmA, 
0.3 
0.8 
See Notes 3 and 4 and Figure 14 
9fs 
Forward transconductance 
S 
VOS=10V, 
10 = 750 mA, 
0.4 
0.9 
See Notes 3 and 4 


Ciss 
Short-circuit 
input capacitance, 
common 
98 
source 


Coss 
Short-circuit 
output capacitance, 
common 
VOS= 
10V. 
VGS=O, 
98 
pF 
source 
f= 1 MHz, 
See Figure 18 


Crss 
Short-circuit 
reverse transfer capacitance, 


65 
common source 


NOTES: 
3: 
Technique should limit TJ - TC to 10°C maximum. 


4: 
These parameters 
are measured with VOltage-sensing contacts separate from the current-carrying 
contacts. 
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• 
0 v to 16 V, 50 mA Max PWM Gate Drive 
Output 


• 
Dual Speed 
Command 
Input Capability 


• 
Effective 
Motor Voltage 
Adjustment 


• 
100% 
Duty Cycle Capability 


• 
Low Current 
«200 
IlA) Sleep 
State 


• 
Built-in 
Soft Start 


• 
Over/Under 
Voltage 
Protection 


• 
Over Current 
Protection 
of External 
FET/lGBT 


V5P5 
MAN 


AUTO 


SPEED 
ROSe 
ease 


INT 


o or N PACKAGE 
(TOP VIEW) 


1 U 14 
ees 


2 
13 
AREF 


3 
12 
Vbat 


4 
11 
GO 
5 
10 
GND 
6 
9 
ILS 
7 
8 
ILR 


description 


The TPIC21 01 is a monolithic 
integrated 
control circuit designed 
for direct current 
(dc) brush motor control that 
generates 
a user-adjustable, 
fixed-frequency, 
variable 
duty 
cycle, 
pulse 
width 
modulated 
(PWM) 
signal 
primarily 
to control 
rotor speed 
of a permanent 
magnet 
dc motor. The TPIC21 01 can also be used to control 
power to other loads such as solenoids 
and incandescent 
bulbs. This device drives the gate of an external, 
low 
side NMOS 
power transistor 
to provide 
PWM controlled 
power to a motor or other loads. Inductive 
current from 
motor or solenoid 
loads during 
PWM off-time 
is recirculated 
through 
an external 
diode. 


The TPIC21 01 accepts 
a 0% to 100% PWM signal 
(auto mode) 
or a 0 V to 2.2 V differential 
voltage 
(manual 
mode), 
and internally 
engages 
the correct 
operating 
mode to accept 
the input type. 


The device operates 
in a sleep state, a run state, or a fault state. In the sleep state the gate-drive 
(GD) terminal 
is held low and the overall current 
draw is less than 200 jlA. The normal 
operating 
mode of the device 
is in the 
run state and is initiated 
by any speed 
command. 
When 
the device 
detects 
an overvoltage 
or current 
fault, it 
enters the fault state. 


The TPIC21 01 is offered in a 14-terminal 
plastic DIP (N) package, 
and a SOIC (D) package, 
and is characterized 
for operation 
over the operating 
free-air 
temperature 
range of -40°C 
to 10SoC. 


PRODUCTlON 
DATA 
Information 
Is 
current 
IS of 
publication 
date. 


Products 
conform 
to speclfleations 
per the term. 
of Texas 
Instruments 
standard 
WllTlnty. 
Production 
processing 
does 
not necessarily 
Include 
testing 
of all parameters. 
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20 kHz 
Oscillator 
and 
Voltage 
Ramp 
Waveform Generator 
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TERMINAL 
VO 
DESCRIPTION 
NAME 
NO. 


V5P5 
1 
0 
5.5 V supply voltage. V5P5 is a regulated voltage supply from Vbat, internally switched to AREF during the 
run state. This requires a 4.71!F tantalum capacitor from V5P5 to GND for stability. 


MAN 
2 
I 
Manual control input. MAN is an active high (greater than 5.5 V asserts the manual mode) input that serves 
asa positive differential input (0-2.3 Vfull range)forthe 
manual mode. In man mode, Iman isapprox. 2Ox1ccs· 


AUTO 
3 
I 
PWM control input. AUTO is an active low input that remains active if pulsed every 2048 counts of the 
oscillator frequency. It also serves as a negative differential input for the manual mode. In auto mode, 'auto 
is approx. 13xlccs pull up, lauto is approx. 20x1ccs pulldown in man mode. 


SPEED 
4 
0 
Integrator output. SPEED is an integrator output with a required minimum resistance between SPEED and 
INT terminals of 20 kO (typically 1 second RC time constant, or as required for soft start). 


ROSC 
5 
0 
Oscillator 
resistor output. 
ROSC has an external 
resistor connected 
to ground which determines 
the 
constant charging current of COSC. The IC forces a voltage of Vbat/4 in run state. 


COSC 
6 
0 
Oscillator capacitor output. COSC has an external capacitor connected to ground which determines 
(with 


ROSC) switching frequency. f(osc) = 21(ROSCxCOSC) 


INT 
7 
I 
Integrator input. INT is an input from an integrator that requires a 4.7 I!F capacitor and a 20 k minimum 
resistance between the SPEED and INT terminals. 


ILR 
8 
I 
Current limit reference. ILR is an input from a resistor divider off AREF. 


ILS 
9 
I 
Current limit sense. ILS senses drain voltage of external FET. ILS trips within ±1 0 mV of ILR. 


GND 
10 
Ground terminal 


GD 
11 
0 
Gate drive output. GD, PWM output, O-Vbat voltage, provides a O-Vbat PWM output pre-drive for an external 
FET. 


Vbat 
12 
I 
Positive power input. 


AREF 
13 
0 
5.5 V reference voltage. AREF is a 5.5 V reference voltage switched from V5P5 during the run state. AREF 
is used as a reference for ILR in current limit detection and is capable of sourcing 2 mA of current. 


CCS 
14 
Constant current sink. ICCS equals AREF/(2xRccs). 
Requires an external resistor. 


TERMINAL 
DESCRIPTION 
NAME 
NO. 


V5P5 
1 
Capacitor - 4.7 I!F tantalum 


MAN 
2 
Capacitor - 0.1 I!F 


MAN 
2 
Resistor - 499 n, 1%, 100 ppm 


AUTO 
3 
Capacitor - 0.47 I!F 


AUTO 
3 
Resistor - 499 n, 1%, 100 ppm 


SPEED 
4 
Resistor-loo 
kn, 1%, 100 ppm to INTterminal, 
(minimum 20 kO) 


ROSC 
5 
Resistor - 45.3 kO 


COSC 
6 
Capacitor - 2200 pF 


INT 
7 
Capacitor - 4.7 I!F 


CCS 
14 
Resistor-27.4kn, 
1%,100ppm 
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detailed description 


The TPIC21 01 is an integrated 
circuit that generates 
a fixed frequency, 
variable 
duty cycle PWM signal to control 
the rotor speed 
of a permanent-magnet 
dc motor. This section 
provides 
a functional 
description 
of the device. 


dual command speed input capability 


The TPIC21 01 is user configurable 
to either auto or manual 
mode, and can sense either configuration 
internal 
to the 
IC. In automatic 
mode, 
the speed-command-signal 
is an open-collector 
PWM 
signal 
on the AUTO 
terminal, 
and the MAN terminal 
is floating. 
In manual 
mode, the speed-command-signal 
is a variable 
resistance 
across 
the AUTO 
and MAN terminals 
with the MAN terminal 
connected 
to Vbat. 


sleep, run, and fault states 


The TPIC2101 
operates 
in a sleep state, 
a run state, 
or a fault state. 
In the auto mode, 
a zero-speed 
input 
initiates the sleep state. In the manual 
mode, an open-circuit 
at the AUTO and MAN terminals 
initiates 
the sleep 
state. The device will also be in the sleep state during fault conditions. 
In the sleep state, the gate drive terminal 
(GO) is held low and the overall 
current 
draw is less than 200 lJA. Any speed 
command 
initiates 
the run state, 


which 
is the normal 
operating 
state of the device. 
The fault state is entered 
only when the device 
detects 
an 
overvoltage 
or current 
fault. Fault state is exited either by removal 
of the overvoltage 
condition 
(exiting 
to run 
state) or by resetting 
a current 
fault by entering 
the sleep state. 


speed command adjustment 


The device 
adjusts 
the GO terminal 
PWM 
signal 
with changes 
in Vbat to keep the effective 
motor 
voltage 
constant. 
The effective 
motor voltage 
is defined 
to be the product 
of the GO terminal 
PWM rate and the voltage 
of Vbat. Figure 
1 shows 
motor voltage 
as a function 
of input speed command 
in the automatic 
mode for various 
battery 
voltages. 
PWMin is described 
as the duty cycle of the PWM signal at the AUTO terminal. 
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PWMin- Incoming 
Pulse Width Modulation 
- % 


over/under voltage protection 


The IC enters the fault state if Vbat rises above over-voltage 
shutdown 
(Vav 
typically 
equals 
18.5 V). If Vbat falls 
below the under-voltage 
shutdown 
(Vuv typically 
equals 7.5 volts) the IC enters sleep state. Hysteresis 
assures 
that the device 
will not toggle 
into and out of sleep state or fault condition. 
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current limit protection 


Current 
through 
the motor 
is limited 
by lowering 
the GD terminal 
PWM when a high current 
situation 
occurs. 


If the condition 
persists, 
the device 
shuts off the gate drive (GD terminal) 
until the circuit 
is reset externally 
by 
entering 
the sleep state. 


This section 
explains 
the normal 
circuit 
operation 
for the automatic 
and manual 
states. 


power supply and oscillator 


Positive 
voltage 
is supplied 
to the integrated 
circuit 
on the Vbat terminal, 
ground 
is the GND terminal. 
The IC 
steps down the Vbat supply to the regulated 
5.5 V supply at the V5P5 terminal. 
AREF is shorted 
to V5P5 in run 
state and disconnected 
when the IC is in sleep state. Two terminal 
connections 
(COSC and ROSC) are provided 
to control 
an internal 
oscillator. 
The oscillator 
freq, f(osc)' is defined 
by the following 
equation: 


2 
f(osc) 
= ROSC 
x COSC 


Nominal 
oscillator 
frequency 
is 20-kHz 
based on the recommended 
components. 


automatic mode signal decoding 


In automatic 
state, a high-to-Iow 
signal transition 
on the AUTO terminal 
(open collector) 
will wake the device 


from the sleep state into the run state. The speed command 
information 
is contained 
in the duty cycle of a 100 Hz 
PWM signal on the same terminal. 
The speed 
information 
is inverted, 
Le. a signal that is 10% high commands 
a faster speed 
than a 20% high signal. 
In automatic 
mode the MAN terminal 
is floating. 
The device 
is capable 
of rejecting 
± 2 V of ground 
offset VIO between 
the open-collector 
switching 
transistor 
and the GND terminal 
without 
affecting 
the output 
duty cycle. 
Two terminals 
are provided 
for an RC integrator 
(SPEED 
and INT) to 
average 
the incoming 
PWM signal for use as a PWM comparator 
input. Figure 2 illustrates 
the automatic 
state 
connections. 


ees 
SPEED 


14 2.75V 
4 
20 knmin 
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automatic mode signal decoding (continued) 


The device enters the sleep state if the PWM signal on the AUTO terminal 
is absent (the AUTO terminal 
remains 
high or low) for 2048 clock cycles 
of the 20 KHz oscillator. 
An internal 
1 mA pull-up 
resistor 
is provided 
for the 
AUTO terminal 
when in the auto mode. This pull-up 
resistor 
is not present 
in the manual 
mode or during sleep 
state. 


The device adjusts the output PWM duty cycle to keep the effective 
motor voltage constant 
with changing 
battery 


voltages 
(Vbat) as per the equation: 


PWM 
out 
= (2.88 + 13.12(1 
~ 
Input 
Duty 
Cycle)) 
x 100% 


bat 


Figure 
3 illustrates 
this transfer 
curve with various 
battery 
voltages. 
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PWMin - Incoming Pulse Width Modulation - % 


The allowable 
automatic 
mode PWMout variation 
is ± 7% over all operating 
conditions 
as indicated 
in the AC 
characteristics 
Table. 


manual mode speed signal decoding 


In manual 
mode, a high input (>5.5V) 
on the MAN terminal 
changes 
the state of the device 
from sleep to run. 
While 
in the run state the device 
senses 
the resistance 
between 
the MAN and AUTO 
terminals 
by turning 
on 
a 2 mA current sink to each terminal. 
The MAN and AUTO current sinks are multiplied 
20 X from the CCS current. 


This 2 mA current 
sink creates 
a 1 V drop across 
each 0.5 kQ resistor 
and a 0 to 2.2 V differential 
across 
the 
o to 1 kQ potentiometer 
(and thus across the 2 terminals). 
The SPEED 
and INT terminals 
should 
be utilized as 
in the proceeding 
section 
as a low-pass 
filter. When the connection 
to the MAN terminal 
is opened, 
the device 
enters the sleep state. In addition, 
the device 
is capable 
of rejecting 
up to 2.2 V of source 
voltage 
offset (VIO), 
as indicated 
in Figure 4. 
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470 


VIO 


Battery 


Enable 
Switch 


Vbat 


2 
MAN 


1 kn 
pot 
CCS 
SPEED 


14 2.75V 
4 
20 kOmin 


As in the automatic mode, the device will adjust the GD terminal PWM duty cycle to keep the effective motor 
voltage constant with changing battery voltages (Vbat). The transfer equation for the manual mode is: 


_ (2.88 + 6.56(VMAN - VAUTO)) 
0 
PWMout - 
V 
x 100Yo 


bat 
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VMAN - VAUTO - Differential 
Voltage - V 


The allowable manual mode PWMout variation is ±7% over all operating conditions as indicated in the AC 
characteristics table. 
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over/under voltage operating 


The TPIC21 01 detects 
an over or under 
voltage 
condition 
(on the Vbat terminal) 
and turns off the gate drive 
circuit. 
The 
device 
remains 
in this 
condition 
until the 
supply 
voltage 
returns 
to normal 
operating 
voltage. 


Hysteresis 
assures 
that the over/under 
voltage 
condition 
does not toggle off and on near the threshold. 
The INT 
terminal 
pulls toward 
GND through 
an internal 
impedance 
of less than 500 Q during the over-voltage 
condition 
or during 
sleep state. This ensures 
a slow ramp up of the GD terminal 
PWM when the Vbat voltage 
returns 
to 
the operating 
range. 


current limit operation 


An over-current 
condition 
is detected 
if the ILS terminal 
is higher than the ILR terminal 
while the gate drive (GD 
terminal) 
is high. 
This condition 
activates 
a closed-loop 
control, 
causing 
the INT terminal 
to be pulled 
low 
(through 
an internal 
resistance 
less than 500 Q) lowering 
the commanded 
duty cycle to close the loop. 


current fault operation 


During a window 
of 8192 clock cycles, 
a latch is set if at least once during the window, 
a current 
limit condition 
is detected. 
If a current 
limit condition 
is set for eight consecutive 
8192 clock cycle windows, 
the gate drive (GD 
terminal) 
will be shut off for a disable 
period of 65536 clock cycles. 
During the disable 
period, 
the INT terminal 
is pulled to GND through 
an internal 
resistance 
of less than 500 Q. After the disable 
period 
is completed, 
an 
internal 
restart is attempted. 
If the current 
limit is present again, as described 
above, for 8 consecutive 
windows, 


the GD and INT terminals 
are again pulled to GND and the device 
remains 
in this current 
fault state until the 
device 
is cycled 
through 
a sleep state to run state. 
However, 
if the current 
limit condition 
is not present 
during 
any 
of the eight 
8192 
clock 
cycle 
windows, 
the 
latches 
for the 
8 count 
window 
timer 
and 
the two 
cycle 
shutdown/restart 
are reset. See timing 
diagrams, 
Figures 
6, 7, and 8. 


absolute maximum ratings over the operating free-air temperature range (unless otherwise 
noted)t 


Supply 
voltage 
range, Vbat:j: 
-0.3 
V to 40 V 
Input voltage 
range, 
MAN, AUTO 
-0.3 
V to 40 V 
Input voltage 
range, 
INT CCS 
ILR 
-0.3 
V to 7 V 
Continuous 
gate drive output 
current, 
IGO 
±50 mA 
Continuous 
speed 
output 
current, 
IO(SPEEO) 
±1 mA 
Continuous 
output 
current, 
IO(V5P5)' 
IO(AREF) 
20 mA 
Continuous 
ROSC output 
Currel)t, 
IO(ROSC) 
1 mA 
Continuous 
output 
current, 
IO(CCS) 
500 IlA 
Thermal 
Resistance, 
junction 
to ambient, 
ReJA: 
D package 
131°CIW 
N package 
78°CIW 
Operating 
free-air 
termperature 
range, TA 
-40°C 
to 105°C 
Maximum 
junction 
temperature, 
TJM 
150°C 
Storage 
temperature 
range, Tstg 
-65°C 
to 150°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
:j: Under load dump conditions, the voltage on Vbat can reach 40 V within 1 ms. 
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MIN 
NOM 
MAX 
UNIT 


Supply voltage. Vbat 
8 
12 
16 
V 


AREF Input currentl(AREFl 
0 
2 
mA 


Input voltage. VIIMANl. 
VIIAUTOl 
(manual mode) 
6 
16 
V 


Differential voltage. VICMANl- 
VICAUTOl 
0 
2.2 
V 


Input voltage. VIIAUTOl 
(auto mode) 
0 
5.5 
V 


Vt.ILR.ILS 
0.5 
2.75 
V 


Output resistance, input resistance, 
R(CCS) 
27.2 
27.5 
27.8 
kil 


Output Resistance, 
ROSC, ro 
20 
100 
kQ 


Output Capacitance, 
COSC, Co 
1 
5 
nF 


Gate drive Irequency I = 21(ROSC x COSC). ICGDl 
20 
kHz 


Gate drive output capacitance, 
COCGD) 
3300 
pF 


Operating Iree-air temperature, 
TA 
-40 
105 
°c 
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PARAMETER 
TEST CONDITION 
MIN 
TYP 
MAX 
UNIT 


Vbat = 16 V, 
GD open, 


f(osc) = 20 kHz, 
4 
10 
mA 
MAN = AUTO =Vbat 


Ibat 
Supply current (average), Vbat 
Vbat = 16 V, 
GD open, 


f(osc) = 20 kHz, 
MAN open, 
2 
10 
mA 
Auto mode, 
AUTO - 99% PWMin 


Vbat= 
13V, 
150 
200 
~ 
AUTO and MAN open 
Ibat(Q) 
Quiescent current (sleep state), Vbat 
Vbat= 
13V, 


AUTO shorted to MAN, floating 
165 
200 
~ 


V(AREF) 
Voltage supply regulation, AREF 
I(AREF) = 0 - 2 mA, 
5.225 
5.5 
5.775 
V 
MAN = AUTO = Vbat 


AUTO or MAN mode, 
ILS, 


Input offset voltage, current limit 
ILR common mode, 


VIO 
comparator, 
ILS, ILR 
Voltage range 0.5 - 2.75 V, 
10 
mV 
Vint= 
4.5 V, 


Detect l(int) > 100 ~ 


liS 
Input bias current, current limit comparator, 
ILS, 
ILR common mode, 
250 
nA 
ILS,ILRt, 
Voltage range 0.5 - 2.75 V 


110 
Input offset current, current limit comparator, 
ILS, 
ILR common mode, 
100 
nA 
ILS,ILRt 
Voltage range 0.5 - 2.75 V 


10L(CLS) 


Pulldown current, ILS terminal 
ILS= 
100mV, 
250 
360 
~ 
blanking, ILS 
GD commanded 
low 


VIL(AUTO) 


Automatic mode low level input 
MAN open, 
AUTO mode, 
2.7 
3 
3.3 
V 
voltage, AUTO 
Lower VI(AUTO) until VI(SPEED) >2.4V 


VIH(AUTO) 


Automatic mode high level input 
MAN open, 
AUTO mode, 
3.6 
4 
4.4 
V 
voltage, AUTO 
Raise VI(AUTO) until VI(SPEED) < 2.4 V 


II(AUTO) 
Input current, automatic mode, AUTO 
MAN open, 
Auto mode, 
-1 
-10 
mA 
VI(AUTO) = 0 V 


II(AUTOQ) 
Input current, auto sleep mode, AUTO 
MAN open, 
Sleep state, 
-40 
-80 
~ 
VI(AUTO) = 0 V 


Vbat = 9 V to 16 V, 


VIH(MAN) 
High level input voltage, manual mode, MAN 
VIH(MAN) = VIH(AUTO), 
5 
5.5 
6 
V 
Raise V(MANl until VI(AREFl 
> 2.5 V 


VIL(MAN) 
Low level input voltage, manual mode, MAN 
VI(MAN) =VI( AUTO), 
2.3 
2.5 
2.7 
V 
Lower VI(MAN) until VI(AREF) < 2.5 V 


VID(MAN) 


Input voltage, manual mode high differential 
Vbat = 16 V, 
1.7 
2.3 
V 
(high speed command), 
MAN-AUTO 
Vbat - 3.5 V < MAN < Vbat 


~TEXAS 
INSTRUMENTS 


TPIC2101 
DC BRUSH MOTOR CONTROLLER 


PARAMETER 
TEST CONDITION 
MIN 
TYP 
MAX 
UNIT 


Input voltage, manual mode 
Vbat-3.5 
V < MAN < VbatttN 


VID(low) 
low differential (low speed 
where "6" is the lesser of 2 V and 16 V -Vbat, 
0.2 
V 
PWMout 
@ V(diff) : 0.2 V "PWMout 
@ 
command), 
MAN-AUTO 
VIIDIFF):OV 


Vbat-3.5 
V < MAN < Vbat +6V 


II(MAN) 
Input currents, auto and 
where "6" is the lesser of 2 V and 16 V -Vbat, 
1.70 
2 
2.30 
mA 
II(AUTO) 
manual mode, MAN, AUTO 
MAN-AUTO: 
0 V to 2 V, 


Riess) : 27.5 kn to GND 


Vbat -3.5 V < MAN < Vbat +6V 


II(MANRATIO) 
Input current, manual mode 
where "6" is the lesser of 2 V and 16 V -Vbat, 
-7 
7 
% 
matching ratio, MAN, AUTO 
MAN -AUTO: 
0 Vto 2 V, 


Rcss : 27.5 kn to GND 


II(MAN(a)) 
Input current, man terminal 
Auto mode, 
MAN :2.2 
V 
5 
10 
15 
~ 
auto mode, MAN 


II(MANQ) 
Input current, man terminal 
Sleep state, 
MAN :2.2 
V 
5 
10 
15 
IlA 
sleep mode, MAN 


V(CCS) 
Constant current sink voltage 
Auto or Man mode, 
I(CCS) : -100 IlA 
2.58 
2.78 
2.92 
V 
regulation, CCS 


V(OV) 
Over voltage shutdown, Vbat 
Vbat rising from 16 V, 
INT: 
1 V, 
17 
18.5 
20 
V 
Detect IIINT) > 100 ~ 


Vhys(OV) 
Hysteresis, over voltage, Vbat 
Vbat rising from 20.1 V, 
INT: 
1 V, 
0.5 
0.8 
0.99 
V 
Detect 1(INn < 100 ~ 


Under voltage shutdown 
MAN :Vbat, 
Vbat falling from 9 V, 


VIT-(UVLO) 
negative going threshold 
Detect AREF < 2.5 V 
7 
7.5 
8 
V 
voltage, Vbat 


Under voltage shutdown 
MAN :Vbat, 
Vbat rising from 6.9 V, 


VIT+(UVHI) 
positive going threshold 
Detect AREF > 2.5 V 
8 
8.5 
9 
V 
voltage, Vbat 


VhvslUV) 
Hysteresis, under voltage, Vbat 
VrUVHI\ - VrUVLOl 
0.5 
1 
V 


IGD:-50 
mA, 
INT:4.5 
V, 


Vbat-3 
Vbat 
V 
High level output voltage, gate 
Run state 
VOH(GD) 
drive, GD 
IGD:-2 
mA, 
INT:4.5 
V, 


Run state 
Vbat-0.2 
Vbat 
V 


Run state, 
IGR:50 
mA, 
3.5 
V 


VOL(GD) 


Low level output voltage, gate 
VI(INn:OV, 
VCOSC: 
1 V 


drive, GD 
Run state, 
IGD:2 
mA, 
INT:OV, 
VCOSC: 
1 V 
0.75 
V 


VGD(SL) 
Gate voltage, sleep-state, 
GD 
Sleep state, 
IGD:2 
mA 
0.03 
0.75 
V 


I(GDP) 
Pulldown current, gate drive 
Vbat open, 
VGD: 
0.75 V 
7.5 
20 
IlA 
passive, GD 


'(INT) 
Pulldown current, INT 
Run state, 
VILS > VILR, 
2 
3 
mA 
VI(INT): 
1 V 
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TPIC2101 
DC BRUSH MOTOR CONTROLLER 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tr 
Rise time 
Vbat = 16 V, 
Load = 3300 pF, 
1 
~s 
RoSC = 45.3 kQ, 
COSC = 2200 pF 


tf 
Fall time 
Vbat = 16 V, 
Load = 3300 pF, 
0.8 
~s 
RoSC = 45.3 kQ, 
COSC = 2200 pF 


Output PWM absolute 
16>Vbat>9 
Manual and automatic modes 


accuracy to spec equation 
GO open, 
-70/0 
7% 


Measure at GO = 0.5 x Vbat @ 20 kHz 


f(osc\ 
Oscillator frequency 
RoSC = 45.3 kQ, 
COSC = 2200 pF 
19 
20 
21 
kHz 


MAN = AUTo=Vbat 
= 16 
15 
21 
%OC 


Minimum speed pedestal 
Vbat = 16, 
MAN floating, 
15 
21 
%OC 
AUTO 
@ 99% duty cycle 


Jl__ n_n__ 
~ 


J 
_ 
.LJLj 
~ 
Jl__ n_n_~~ 
Jl__ 
Fl_Fl__ 
Frm 


ILS>ILR? 
1 = Yes, 0 = No 


INT Terminal 
Through 500 Q 


No Current Limit Condition 
Present in Time Block 4.j 
Internal Counter or Latch Set to zero. Current Limit 
Condition 
Not Present For Eight Consecutive 
8192 Cycles. 
No Disable Period. 
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TPIC2101 
DC BRUSH MOTOR CONTROLLER 


TIme 


I... Block 1 .1 
I I 


In~~ca~ >< 
c~~~:s )(1 I 


ILS>ILR? Jl 
I 
! 
n 
! ! 
n 
1=Yes,O=No 
I 
~_ 
~ 
~~ 


GDTo~'" 
~ 
~ 
: 
----- 


INTTerminal Jl 
II I 
n 
I Ul 
n 
Through 500 Q 
•••.•• 
~. i..-J L--j 
. _. 
_ 
11 
'UUlJII 
Internal Latch 
1 
II I 
8 
0 
I I 


or Counter 
----- 
Current Fault 
I I 
I I 


Latch/Counter 
1 I 
1 .1 
_ 
:: 
riil 
----_1 
I 
1 
II 
1 
_ 


II 
j 
II 
t 
-.t 
Restart Attempted 
TIme Block Repeated Six TImes 


Current Limit for Eight Consecutive Time Blocks. 
No Current Limit Condition in Time Block 19. 
Internal Latch or Counter Reset to Zero. 
Disable Output for 65536 Clock Cycles. 
Restart Successful 


Time 
Time 
TIme 
I 
Block 17 
I 
Block 18 .1.••Block 19 ~ 
I'" 
·1'" 
I 
I 
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DC BRUSH MOTOR CONTROLLER 


Time 
Time 
Time 


14 
Block1 
.1 
I I 
BlockS 
_--_ 
Block 21 


In~I~Ca~X 
C~~~:s 
)(: 
I 
I I 
I I 


ILS>CLR? 11 
I : 
n 
:: 
n 
:: 
n 
:: ~ 
l=Yes,O=No 
:~~~~~~~ 
II 
I I II 
I I 
r-l 
I I rI 
I I 
ISOOO<SOO<-- 
GDTermlnal J 
L---l U 
L--l L..J 
L-.J U 
L--l ~ 


INTTermlnal 11 
I ! 
n 
! in! 
in. 
l! 
188888& 


Through500n 
: 
~m_~ 
~_ 
~ 
~~ 
y ~ 


Int:;~~~~~~ 11 
:LJLJLJ LlL-J LJUlJL~ 


II 
II 
II 
nn 
_____ 
11 
II 
II 
11 
_ 
-----I:inn 
i i 
n h--- 


Time Block Repeated Six Times -1 
J 
Re!tart 
Time BrOCK17 J t Current Fault State 


Current Limit For Eight Consecutive Time Blocks. 
Attempted 
Repeated Six Times 
(see Note A) 


Disable Output For 65536 Clock Cycles. 
Restart Not Successful. 


Enter Current Fault State. 


NOTE A. 
The integrated circuit remains in this state until cycled through the sleep state into the run state. Timing resumes as shown in time block 
Aatright. 
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TPIC2101 
DC BRUSH MOTOR CONTROLLER 


MANUALJAUTO CURRENT 
vs 
CCS CURRENT (MANUAL 
MODE) 


Vbat = 12 V 
/ 
'/ 
./ 


./ 
/ 
/ 
V 
'/ 
./ 
./ 
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50 
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ICCS - CCS Current (Manual Mode) - llA 
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AUTO CURRENT 
vs 
CCS CURRENT (AUTO MODE) 


, 


Vbat=12V 
A 
-40°CA ~ 


~ ~/ V 


~ 
?<- 
105°C 
./"/ 
25°C 


~ ./ 


~ 


~ 


~" 
" 


-60 
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-300 


ICCS - CCS Current 
(Auto Mode) - llA 


INTEGRATOR PULLDOWN CURRENT 
vs 
INTEGRATOR INPUT VOLTAGE 


1 
2 
3 
4 


V(INT) -Integrator 
Input Voltage - V 


OSCILLATOR CAPACITOR CURRENT 
vs 
OSCILLATOR 
RESISTOR CURRENT 


/ 
/ 
/ 
/ 


V 
/ 
/ 
/ 
V 


/V 
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I(ROSC) - Oscillator 
Resistor 
Current- 
llA 
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GATE DRIVE LOW SIDE 
vs 
GATE DRIVE CURRENT 
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Figure 13 


EFFECTIVE MOTOR VOLTAGE 
vs 
INCOMING PULSE WIDTH MODULATION 
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Pulse Width Modulation 
- % 


GATE DRIVE HIGH SIDE 
vs 
GATE DRIVE CURRENT 


0.9 


0.8 


0.7 > 
I 
0.6 
c 
-? 


0.5 
I 
1? 
0.4 
.c.;- 


0.3 


0.2 


0.1 


5 
10 
15 
20 
25 
30 
35 
40 
45 


IGD - Gate Drive Current - mA 


Figure 14 


MOTOR RPM 
vs 
INCOMING PULSE WIDTH MODULATION 
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OUTPUT 
VOLTAGE 
V5P5 
vs 
INPUT VOLTAGE 
AT Vbat 
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VI(Vbat) - 
Input Voltage at Vbat - V 


OUTPUT 
VOLTAGE 
AT V5P5 
vs 
AMBIENT 
TEMPERATURE 
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TA - Ambient Temperature - °C 


OUTPUT 
VOLTAGE 
AT V5P5 
vs 
V5P5 OUTPUT 
CURRENT 
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IO(V5P5) - V5P5 Output Current - mA 
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TPIC2202 
2-CHANNEL COMMON-SOURCE 
POWER DMOS ARRAY 


• 
Two 7.5-A Independent Output Channels, 
Continuous Current Per Channel 


• 
Low rOS(on) .•. 
0.09 Q Typical 
• 
Output Voltage 
60 V 


• 
Pulsed Current 
15 A Per Channel 


• 
Avalanche Energy ... 
120 mJ 


description 


The TPIC2202 is a monolithic power DMOS array 
that 
consists 
of two 
independent 
N-channel 
enhancement-mode 
DMOS 
transistors 
connected in a common-source configuration with 
open drains. 


KC PACKAGE 
(TOP VIEW) 
EJ 
II 


DRAIN2 
GATE2 
SOURCE 
DRAIN1 
GATE1 


~GATE2 


3 


SOURCE 


absolute 
maximum 
ratings over operating 
case temperature 
range (unless 
otherwise 
noted) 


Drain-source voltage, VDS 
_. . . . . . . .. 
60 V 
Gate-source voltage, VGS 
±20 V 
Continuous source-drain diode current 
7.5 A 
Pulsed drain current, each output, all outputs on, ID (see Note 1) 
15 A 
Continuous drain current, each output, all outputs on 
7.5 A 
Single-pulse avalanche energy, EAS (see Figure 4) 
120 mJ 
Continuous power dissipation at (or below) TA = 25°C (see Note 2) 
2 W 
Continuous power dissipation at (or below) TC = 75°C, all outputs on (see Note 2) 
31 W 
Operating virtual junction temperature range, TJ 
-40°C to 150°C 
Operating case temperature range, TC 
-40°C to 125°C 
Storage temperature range, Tstg 
-40°C to 125°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


NOTES: 
1. 
Pulse duration = 10 ms, duty cycle = 6% 


2. 
For operation above 25°C free-air temperature, derate linearly althe rate of 16 mW/oC. For operation above 75°C case temperature, 
and with all outputs conducting, 
derate linearly at the rate of 0.42 WfOC. To avoid exceeding the design maximum virtual junction 
temperature, 
these ratings should not be exceeded. 


PRODUCTION 
DATA 
information 
Is current 
as 
of 
pUblication 
date. 
Products 
conform 
to specifications 
per the terms 
of Texas 
Instruments 
standard warranty. Production processing does not necessarily include 
testing 
of all parameters. 
~TEXAS 
INSTRUMENTS 


TPIC2202 
2-CHANNEL COMMON-SOURCE 
POWER DMOS ARRAY 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


V(BRIOS 
Orain-source 
breakdown voltage 
10 = 1 J.1A, 
VGS = 0 
60 
V 


VTGS 
Gate-source 
threshold voltage 
10=1 
mA, 
VOS = VGS 
1.2 
1.75 
2.4 
V 


VOS(on) 
Orain-source 
on-state voltage 
10 =7.5A, 
VGS= 
15 V, 
See Notes 3 and 4 
0.68 
0.94 
V 
1TC = 25°C 
0.07 
1 


lOSS 
Zero-gate-voltage 
drain current 
VOS=48 
V, 
VGS = 0 
ITC = 125°C 
1.3 
10 
J.1A 


IGSSF 
Forward gate current, drain short 
VGS=20V, 
VOS = 0 
10 
100 
nA 
circuited to source 


IGSSR 
Reverse gate current, drain short 
VGS =-20V, 
VOS=O 
10 
100 
nA 
circuited to source 


Static drain-source 
on-state 
VGS=15V, 
10=7.5A, 
ITC = 25°C 
0.09 
0.125 


rOS{on) 
n 
resistance 
See Notes 3 and 4 and Figures 5 and 6 
ITC = 125°C 
0.15 
0.21 


9fs 
Forward transconductance 
VOS=15V, 
ID=5A, 
See Notes 3 and 4 
2.5 
4.7 
S 


Ciss 
Short-circuit 
input capacitance, 
490 
common source 


Coss 
Short-circuit 
output capacitance, 
VOS =25 V, 
VGS = 0, 
f = 300 kHz 
285 
pF 
common 
source 


Crss 
Short-circuit 
reverse transfer 
90 
capacitance, 
common source 


NOTES: 
3. 
Technique should limit TJ - TC to 1DoC maximum. 


4. 
These parameters are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VSO 
Forward on voltage 
0.8 
1.3 
V 


trr 
Reverse recovery time 
IS = 7.5 A, 
VGS =0, 
di/dt = 100 A1~s, 
200 
ns 
VOS = 48 V, 
See Figure 1 


°RR 
Total source-drain 
diode charge 
1.5 
~C 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


td(on) 
Turn-on delay time 
12 


!dCoff\ 
Turn-off delay time 
VOO =25 V, 
RL = 6.7 n, 
ten = 10 ns, 
100 


Rise time 
tdis = 10 ns, 
See Figure 2 
ns 


tr 
43 


tf 
Fall time 
5 


Og 
Total gate charge 
13.6 
18 


Ogs 
Gate-source 
charge 
VOO =48 V, 
10 = 2.5 A, 
VGS=10V, 
8.3 
11 
nC 
See Figure 3 


°gd 
Gate-drain charge 
5.3 
7 


LO 
Internal drain inductance 
7 


LS 
Internal source inductance 
nH 
7 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


RaJA 
Junction-to-ambient 
thermal resistance 
All outputs with equal power 
62.5 
°cm 


RaJC 
Junction-to-case 
thermal resistance 


All outputs with equal power 
2.4 
°cm 


One output dissipating power 
3.3 
°cm 
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(see Note A) 


TPIC2202 
2·CHANNEL COMMON-SOURCE 
POWER DMOS ARRAY 


+-- 
di/dt = 100 Allls 


I 
/ 


1/ 
------f---------- 
I 
/ 
I 
,---------------- 
I 
I 
~cl~ 


I 
I 
I 
I 


----------~--- 
I 


1 
/ 
I 


I 
I 
1'-- trr ~ 


~ 
14-- tdis 
I 
900;. -t-- 
15 V 


I 
I 
I 
I 
I 
I 


td(on) ~ 
14-- ~ 
14- ld(off) 


~ 


90%VOO 
VOS 
I 
10% 
I 
I 
T - - 
VOS(on) 


tf 
~ 
14-- 
-+J 
1'- 
tr 


VOLTAGE WAVEFORMS 


Pulse Generator 
r-----' 
VGS 
I 
I 
II Rgen 
I 
11. 
son 


I 
I 
IL. 
.J 
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POWER DMOS ARRAY 


12-V 
Battery 


IG Current- 
-=- 
10 Current- 


Sampling Resistor 
Sampling Resistor 
Qgs = Qg- 
Qgd 


WAVEFORM 


Pulse Generator 
r-----' 
I 
son I 
I Rgen 
II 
.n 
IIL 
.J 


TEST CIRCUIT 


~ 
i4--+I tav 
tw 
~ 
I 
-J 
r-T--- 


15V 


VGS 
0 
I 
--1.-- 
IAS 


I 
I 
(see Note B) 
10 
I 
I 


----- 
0 


VOLTAGE AND CURRENT WAVEFORMS 


NOTES: 
A. 
The pulse generator has the following characteristics: 
tr S 10 ns, tf S 10 ns, Zo = 50 n. 


B. 
Input pulse duration (tw) is increased until peak current IAS = 7.5 A. 


IAS 
x 
V(BR)DSX 
x 
tav 
Energy test level is defined 
as EAS 
= 
2 
= 120 mJ min. 
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STATIC DRAIN-SOURCE 
ON-STATE RESISTANCE 
vs 
CASE TEMPERATURE 
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Figure 13. Resistive Switching Waveforms 
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• 
Three 7.5-A Independent Output Channels, 
Continuous Current Per Channel 


• 
Low rOS(on)... 
0.09 Q Typical 
• 
Output Voltage 
60 V 


• 
Pulsed Current 
15 A Per Channel 


• 
Avalanche Energy ... 
120 mJ 


description 


The TPIC2301 is a monolithic power DMOS array 
that consists of three independent 
N-channel 
enhancement-mode 
DMOS 
transistors 
connected in a common-source configuration with 
open drains. 


GATE2 
GATE3 


13 DRAIN2 
16 
DRAIN3 


~ 
' 
~ 
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KVPACKAGE 
(TOP VIEW) 


DRAIN3 
GATE3 
DRAIN2 
SOURCE 
GATE2 
DRAIN1 
GATE1 


absolute 
maximum 
ratings over operating 
case temperature 
range (unless 
otherwise 
noted) 


Drain-source voltage, VOS 
60 V 
Gate-source voltage, VGS 
±20 V 
Continuous source-drain diode current 
7.5 A 
Pulsed drain current, each output, all outputs on, 10 (see Note 1) 
15 A 
Continuous drain current, each output, all outputs on 
7.5 A 
Single-pulse avalanche energy, EAS (see Figure 4) 
120 mJ 
Continuous power dissipation at (or below) TA = 25°C (see Note 2) 
2 W 
Continuous power dissipation at (or below) Tc = 75°C, all outputs on (see Note 2) 
50 W 
Operating virtual junction temperature range, TJ 
-40°C to 150°C 
Operating case temperature range, TC 
-40°C to 125°C 
Storage temperature range, Tstg 
-40°C to 125°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


NOTES: 
1. 
Pulse duration = 10 ms, duty cycle = 6% 


2. 
For operation above 25°C free-air temperature, 
derate linearly at the rate of 16 mW/oC. For operation above 75°C case temperature, 
and with all outputs conducting, 
derate linearly at the rate of 0.66 W/oC. To avoid exceeding the design maximum virtual junction 
temperature, 
these ratings should not be exceeded. 
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standard warranty. Production processing does not necessarily Include 
testing 
of all parameters. 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VCBR)OS 
Orain-source 
breakdown voltage 
10=1~, 
VGS = 0 
60 
V 


VTGS 
Gate-source 
threshold voltage 
10=1 
mA, 
VOS = VGS 
1.2 
1.75 
2.4 
V 


VOSCon) 
Orain-source 
on-state voltage 
10 =7.5A, 
VGS=15V, 
See Notes 3 and 4 
0.68 
0.94 
V 
ITC = 25°C 
0.07 
1 
lOSS 
Zero-gate-voltage 
drain current 
VOS =48 V, 
VGS = 0 
ITC= 
125°C 
1.3 
10 
~ 


IGSSF 
Forward gate current, drain short 
VGS=20V, 
VOS = 0 
10 
100 
nA 
circuited to source 


IGSSR 
Reverse gate current, drain short 
VGS =-20V, 
VOS = 0 
10 
100 
nA 
circuited to source 


Static drain-source 
on-state 
VGS=15V, 
10 = 7.5 A, 
ITC = 25°C 
0.09 
0.125 
rOS(on) 
Q 
resistance 
See Notes 3 and 4 and Figures 5 and 6 
ITC = 125°C 
0.15 
0.21 


9fs 
Forward transconductance 
VOS= 
15 V, 
10=5A, 
See Notes 3 and 4 
3.3 
4.7 
S 


Ciss 
Short-circuit 
input capacitance, 
490 
common source 


Coss 
Short-circuit 
output capacitance, 
VOS =25 V, 
VGS = 0, 
f = 300 kHz 
285 
pF 
common source 


Crss 
Short-circuit 
reverse transfer 
90 
capacitance, 
common source 


NOTES: 
3. 
Technique should limit TJ - TC to 10°C maximum. 
4. 
These parameters 
are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VSO 
Forward on voltage 
0.8 
1.3 
V 


trr 
Reverse recovery time 
IS = 7.5 A, 
VGS =0, 
di/dt = 100 AI~s, 
200 
ns 
VOS=48 
V, 
See Figure 1 


°RR 
Total source-drain 
diode charge 
1.5 
~C 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tdlon) 
Turn-on delay time 
12 


tdloffl 
Turn-off delay time 
VOO =25 V, 
RL=6.7Q, 
ten = 10 ns, 
100 
ns 
tr 
Rise time 
tdis = 10 ns, 
See Figure 2 
43 


tf 
Fall time 
5 


Og 
Total gate charge 
13.6 
18 


Ogs 
Gate-source 
charge 
VOS =48 V, 
10=2.5A, 
VGS=10V, 
8.3 
11 
nC 
See Figure 3 


°gd 
Gate-drain charge 
5.3 
7 


LO 
Internal drain inductance 
7 


LS 
nH 
Internal source inductance 
7 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


RSJA 
Junction-to-ambient 
thermal resistance 
All outputs with equal power 
62.5 
°CIW 


RSJC 
Junction-to-case 
thermal resistance 
All outputs with equal power 
1.5 
°CIW 


One output dissipating power 
3.3 
°CIW 
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NOTES: 
A. 
The pulse generator 
has the following characteristics: 
tr" 
10 ns, tf" 
10 ns, Zo = 50 n. 


B. 
Input pulse duration (twl is increased until peak current IAS = 7.5 A. 
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Energy test level is defined 
as EAS 
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= 120 mJ min. 
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Figure 13. Resistive Switching Waveforms 
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Low rOS(on) ... 
0.4 Q Typ 
High-Voltage Outputs ... 
60 V 


Pulsed Current ... 
5 A Per Channel 


Fast Commutation 
Speed 
DRAIN1 
GATE2 
DRAIN2 
DRAIN3 


o PACKAGE 
(TOP VIEW) 
•1 
8 
GATE1 
2 
7 
SOURCE/GND 
3 
6 
SOURCElGND 
4 
5 
GATE3 
description 


The TPIC2302 is a monolithic power OMOS array that consists of three electrically isolated N-channel 
enhancement-mode OMOS transistors configured with a common source and open drains. The TPIC2302 is 
offered in a standard 8-pin small-outline surface-mount (D) package. 


The TPIC2302 is characterized for operation over the case temperature range of -40°C to 125°C. 


DRAIN1 
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DRAIN2 
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GATE1~ 


02 


GATE2~ 


03 
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6, 7 


SOURCE/GND 


absolute maximum ratings over operating case temperature range (unless otherwise noted)t 


Orain-to-source voltage, VDS 
60 V 
Gate-to-source voltage, VGS 
±20 V 
Continuous drain current, each output, all outputs on, TC = 25°C 
1 A 
Pulsed drain current, each output, TC = 25°C (see Note 1 and Figure 6) 
5 A 
Single-pulse avalanche energy, TC = 25°C, EAS (see Figures 4 and 16) 
9 mJ 
Continuous total power dissipation at (or below) TC = 25°C 
0.95 W 
Operating virtual junction temperature range, TJ 
-40°C to 150°C 
Operating case temperature range, TC 
-40°C to 125°C 
Storage temperature range, T5t9 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 


NOTE 1: 
Pulse duration: 
10 ms, duty cycle: 
2% 


PRODUCTION 
DATA Information 
is current 
as of publication 
date. 
Products 
conform 
to specifications 
per the terms 
of Texas 
Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


V(BRlOSX 
Orain-to-source 
breakdown voltage 
10 = 250 ~A, 
VGS =0 
60 
V 


VGSfthl 
Gate-to-source 
threshold voltage 
10= 1 mA, 
VOS = VGS 
1.5 
1.85 
2.2 
V 


VOS(on) 
Orain-to-source 
on-state voltage 
10= 1 A, 
VGS=10V, 
0.4 
0.475 
V 
See Notes 2 and 3 


IS= 1 A, 


VF(SO) 
Forward on-state voltage, source-to-drain 
VGS = 0 (Z1, Z2, Z3), 
0.9 
1.1 
V 
See Notes 2 and 3 


VOS =48V, 
TC = 25°C 
0.05 
1 
lOSS 
Zero-gate-voltage 
drain current 
VGS = 0 
TC = 125°C 
0.5 
10 
~A 


IGSSF 
Forward gate current, drain short circuited to source 
VGS=16V, 
VOS =0 
10 
100 
nA 


IGSSR 
Reverse gate current, drain short circuited to source 
VSG=16V, 
VOS = 0 
10 
100 
nA 


TC = 25°C 
0.05 
1 


Ilkg 
Leakage current, drain-to-GNO 
VR =48V 
TC = 125°C 
0.5 
10 
~A 


VGS= 
10V, 
TC = 25°C 
0.4 
0.475 


rOS(on) 
Static drain-to-source 
on-state resistance 
10= 1 A, 
n 
See Notes 2 and 3 
and Figures 6 and 7 
TC = 125°C 
0.63 
0.7 


9fs 
Forward transconductance 
VOS = 10V, 
10 =0.5A, 
0.85 
1.02 
S 
See Notes 2 and 3 


Ciss 
Short-circuit 
input capacitance, 
common source 
115 
145 


Coss 
Short-circuit 
output capacitance, 
common source 
VOS = 25 V, 
VGS =0, 
60 
75 
pF 
Short-circuit 
reverse-transfer 
capacitance, 
f= 
1 MHz 
Crss 
common source 
30 
40 


NOTES: 
2. 
Technique should limit TJ - TC to 10°C maximum, pulse duration,,5 
ms. 


3. 
These parameters are measured with voitage-sensing 
contacts separate from the current-carrying 
contacts. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


trr(So) 
Reverse-recovery 
time 
IS = 0.5 A, 
VGS= 
0, 
VoS =48V, 
65 
ns 


°RR 
Total diode charge 
di/dt = 100 AI~s, 
See Figure 1 
0.03 
~C 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tdlon) 
Turn-on delay time 
21 
42 


!dloff) 
Turn-off delay time 
VOO=25 
V, 
RL = 50 n, 
tr1 = 10 ns, 
20 
40 
ns 


tr2 
Rise time 
tf1 = 10 ns, 
See Figure 2 
5 
10 


tf2 
Fall time 
13 
26 


Qg' 
Total gate charge 
3.1 
3.8 


Qgs(th) 
Threshold gate-to-source 
charge 
VOS=48 
V, 
10 = 0.5 A, 
VGS=10V, 
0.4 
0.5 
nC 
See Figure 3 
Qgd 
Gate-to-drain 
charge 
1.3 
1.6 


LO 
Internal drain inductance 
5 
nH 


LS 
Internal source inductance 
5 


Rg 
Internal gate resistance 
0.25 
n 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


RaJA 
Junction-to-ambient 
thermal resistance 
130 
All outputs with equal power, 
See Note 4 
°C/W 


RaJP 
Junction-to-pin 
thermal resistance 
44 


-2.5 . 


o 
25 
50 
75 
100 
125 
150 
175 
200 
225 
250 
Time-ns 
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CL = 30 pF 
(see Note A) 


tr1 ---+I 
I+- 
-.I i+- tf1 


VGSy- 
f{--- 
10V 


I 
I 
OV 


I ~ 
---+t 
I+- td( off) 
td(on)-+! 
_ 
I 


tf2 -----.l:'- 
--I I+- tr2 


-\ 
I 
I 
I 
VOO 


VOS 
\k 
v= VOS(on) 


VOLTAGE WAVEFORMS 


Pulse Generator 
r-----' 
I 
I 
IIRgen 
In 
IIIL 
J 


TEST CIRCUIT 


NOTE A: 
CL includes probe and jig capacitance. 


Figure 2. Resistive-Switching 
Test Circuit and Voltage Waveforms 
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IG Current- 
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TEST CIRCUIT 


Qgs = Qg-Qgd 


VOLTAGE WAVEFORM 
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Pulse Generator 
(see Note A) 
r------, 
I 
50n I 
II Rgen 
I 
I 
n.. 
I 
I 
I 
II 
I 
L 
.1 


~ 


VG~ 


I 
I 
I 


~tavt 
tw~ 
I 


t-t--- 
15V 


- 
I 
OV 
--1--- 
IAS 


I 
I 
(see Note B) 
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I 
OV 
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OV 


VOLTAGE AND CURRENT WAVEFORMS 


TEST CIRCUIT 
t Non-JEDEC symbol for avalanche time 
NOTES: 
A. 
The pulse generator has the following characteristics: 
tr ~ 10 ns, tf ~ 10 ns, Zo = 50 n. 


B. 
Input pulse duration (tw) is increased until peak current IAS = 5 A. 


'AS 
x 
V(BR)DSX 
x 
tav 
Energy test level is defined 
as EAS = 
2 
= 9 mJ, where tav 
= avalanche 
time. 


GATE-TO-SOURCE 
THRESHOLD VOLTAGE 
vs 
JUNCTION TEMPERATURE 
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STATIC DRAIN-TO-SOURCE 
ON-STATE RESISTANCE 
vs 
JUNCTION TEMPERATURE 
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STATIC DRAIN-TO·SOURCE 
ON-STATE RESISTANCE 
vs 
DRAIN CURRENT 
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TJ = 25°C 


VGS=10V 
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VGS = 15 V 
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10 - Drain Current 
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DISTRIBUTION OF 
FORWARD TRANSCONDUCTANCE 
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DRAIN CURRENT 
vs 
DRAIN-TO-SOURCE 
VOLTAGE 
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Unless 
Otherwise 
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Figure 8 


DRAIN CURRENT 
vs 
GATE-TO-SOURCE 
VOLTAGE 
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Figure 10 
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CAPACITANCE 
vs 
DRAIN-TO-SOURCE 
VOLTAGE 
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, 
f= 1 MHz 
TJ = 25°C 
Ciss(O) = 158 pF 
Coss(O) = 400 pF 
Crss(O) = 78 pF 
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DRAIN·TO·SOURCE 
VOLTAGE AND 
GATE-TO-SOURCE 
VOLTAGE 
vs 
GATE CHARGE 


10=0.5 
A 
TJ = 25°C 
> 
60 
See Figure 3 
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SOURCE-TO-DRAIN 
DIODE CURRENT 
vs 
SOURCE-TO-DRAIN 
VOLTAGE 


TJ = 125°C 


TJ = 150°C 


TJ=-40°C 


I 
I 
TJ = 25°C 


TJ = 75°C 


1 
VSo - Source-ta-Drain 
Voltage - V 


REVERSE-RECOVERY 
TIME 
vs 
REVERSE di/dt 
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T 
IS = 0.5 A 
TJ = 25°C 
See Figure 1 
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MAXIMUM DRAIN CURRENT 
vs 
DRAIN-TO-SOURCE 
VOLTAGE 


TC 
25°C 
111st 
" 
/ 
~ 
V 
10 mst 
, 
~ 


~~s~ > )\1\ 
'I 
500 llst 


"- 
-; 
DC Conditions \ \ 


0.1 
0.1 
1 
10 
VDS - Drain-ta-Source 
Voltage - V 
t Less than 0.1 duty cycle 
Figure 15 


MAXIMUM PEAK-AVALANCHE CURRENT 
vs 
TIME DURATION OF AVALANCHE 


See Figure 4 
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tav - Time Duration of Avalanche - ms 
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D PACKAGEt 
NORMALIZED 
JUNCTION· TO -AMBIENT THERMAL 
RESISTANCE 
vs 
PULSE DURATION 


DC Conditions 
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tw - Pulse Duration - s 


t Device mounted on FR4 printed-circuit 
board with no heat sink 
NOTE A: 
ZeA(t) = r(t) RaJA 
tw = pulse duration 
Ie = cycle time 
d = duty cycle = tw/1e 
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• 
Low rOS(on)... 0.6 Q Typ 
• 
High-Voltage Outputs ... 
60 V 
• 
Pulsed Current ... 2.25 A Per Channel 


• 
Fast Commutation Speed 
• 
Direct Logic-Level Interface 


o PACKAGE 
(TOP VIEW) 


DRAIN1 
GATE2 
DRAIN2 
DRAIN3 


•1 
8 


2 
7 


3 
6 


4 
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GATE1 
SOURCE/GND 
SOURCE/GND 
GATE3 


description 


The TPIC2322L is a monolithic logic-level power DMOS array that consists of three electrically isolated 
N-channel enhancement-mode DMOS transistors configured with a common source and open drains. 


The TPIC2322L is offered in a standard eight-pin small-outline surface-mount (D) package and is characterized 
for operation over the case temper.ature range of -40°C to 125°C. 


DRAIN1 


1 


DRAIN2 


3 


DRAIN3 


4 
01 


GATE1~ 


02 


GATE2~ 


03 


GATE3~ 


6, 7 


SOURCE,GND 


absolute 
maximum 
ratings 
over operating 
case temperature 
range (unless 
otherwise 
noted)t 


Drain-to-source voltage, VDS 
60 V 
Gate-to-GND voltage 
100 V 
Drain-to-GND voltage 
100 V 
Gate-to-source voltage, VGS 
±20 V 
Continuous drain current, each output, all outputs on, TC = 25°C 
0.75 A 
Continuous source-to-drain diode current, TC = 25°C 
0.75 A 
Pulsed drain current, each output, Imax,TC = 25°C (see Note 1 and Figure 15) 
2.25 A 
Single-pulse avalanche energy, EAS, TC = 25°C (see Figure 4) 
30.4 mJ 
Continuous total power dissipation at (or below) TC = 25°C (see Figure 15) 
0.95 W 
Operating virtual junction temperature range, TJ 
-40°C to 150°C 
Operating case temperature range, TC 
-40°C to 125°C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 


implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
NOTE 1: 
Pulse duration = 10 ms and duty cycle = 2%. 


PRODUCTION 
DATA 
Information 
Is current 
as of 
pubttcatlon 
date. 
Products 
conform 
to specifications 
per the terms 
of Texas 
Instruments 
standard 
warranty. 
Production 
processing 
does 
not necessarily 
Include 
testing 
of all parameters. 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


V(BR)OSX 
Orain-to-source 
breakdown voltage 
10 = 250 I1A, 
VGS = a 
60 
v 


VGS(th) 
Gate-to-source 
threshold voltage 
10=1 
mA, 
VOS = VGS, 
1.5 
1.85 
2.2 
V 
See Figure 5 


V(BR) 
Reverse drain to GNO breakdown voltage 
Drain to GNO current = 250 I1A 
100 
V 


VOS(on) 
Orain-to-source 
on-state voltage 
10 = 0.75 A, 
VGS = 5 V, 
0.45 
0.53 
V 
See Notes 2 and 3 


VF(SO) 
Forward on-state voltage, source-to-drain 
IS = 0.75 A, 
VGS = a 
0.85 
1 
V 
See Notes 2 and 3 and Figure 12 


VOS =48 V, 
ITC = 25°C 
0.05 
1 
lOSS 
Zero-gate-voltage 
drain current 
VGS = a 
ITC = 125°C 
0.5 
10 
I1A 


'GSSF 
Forward gate current, drain short circuited to source 
VGS= 
16V, 
VOS=O 
10 
100 
nA 


IGSSR 
Reverse gate current, drain short circuited to source 
VSG=16V, 
VOS=O 
10 
100 
nA 


TC = 25°C 
0.05 
1 
Ilkg 
Leakage current, drain-to-GNO 
VOGNO = 48 V 
TC = 125°C 
0.5 
10 
I1A 


VGS=5V, 
TC = 25°C 
0.6 
0.7 


rOS(on) 
Static drain-to-source 
on-state resistance 
10 = 0.75 A, 
n 
See Notes 2 and 3 
and Figures 6 and 7 
TC = 125°C 
0.94 
1 


9fs 
Forward transconductance 
VOS=15V, 
10 = 0.5 A, 
0.75 
0.9 
S 
See Notes 2 and 3 and Figure 9 


Ciss 
Short-circuit 
input capacitance, 
common source 
115 
145 


Coss 
Short-circuit 
output capacitance, 
common source 
VOS=25 
V, 
VGS = 0, 
60 
75 
pF 
Short-circuit 
reverse transfer capacitance, 
f= 
1 MHz, 
See Figure 11 
Crss 
common source 
30 
40 


NOTES; 
2. 
Technique should limit TJ - TC to 10°C maximum. 
3. 
These parameters are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


trr 
Reverse-recovery 
time 
IF= 0.375 A, 
VOS=48 
V, 
85 
ns 


QRR 
Total diode charge 
dVdt = 100 A/I1S, 
See Figures 1 and 14 
0.19 
I1C 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tdlon) 
Turn-on delay time 
21 
42 


td(off) 
Turn-off delay time 
VOO =25 V, 
RL= 670, 
ten = 10 ns, 
26 
52 
ns 
tr 
Rise time 
tdis = 10 ns, 
See Figure 2 
14 
28 


tf 
Fall time 
13 
26 


Og 
Total gate charge 
1.8 
2.3 


Ogs(th) 
Threshold gate-to-source 
charge 
VOS =48 V, 
10 = 0.375 A, 
VGS = 5 V, 
0.4 
0.5 
nC 
See Figure 3 


°gd 
Gate-to-drain 
charge 
1.1 
1.4 


LO 
Internal drain inductance 
5 
nH 
LS 
Internal source inductance 
5 


Rg 
Internal gate resistance 
0.25 
0 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


RSJA 
Junction-to-ambient 
thermal resistance, 
130 
°C/W 
See Note 4 
All outputs with equal power 


RSJP 
Junction-to-pin 
thermal resistance 
44 
°C/W 


VDS= 
48 V 
VGS = 0 V 
TJ = 25°C 
Z1, Z2, and Z3 
<C 
I 
0.5 
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t IRM = maximum recovery current 
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Pulse Generator 
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(see Note A) 
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VOLTAGE WAVEFORMS 


TEST CIRCUIT 


NOTE A: 
CL includes probe and jig capacitance. 


Figure 2. Resistive-Switching 
Test Circuit and Voltage Waveforms 
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VOLTAGE ANO CURRENT 
WAVEFORMS 


NOTES: 
A. 
The pulse generator has the following characteristics: 
tr ,; 10 ns. tf'; 
10 ns. Zo = 50 Q. 


B. 
Input pulse duration (tw) is increased until peak current IAS = 2.25 A. 
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Energy test level is defined 
as EAS = 
2 
= 30.4 mJ. 
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FORWARD TRANSCONDUCTANCE 


Total Number of Units = 639 
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CAPACITANCE 
vs 
DRAIN-TO-SOURCE 
VOLTAGE 


VGS = 0 
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f = 1 MHz 
TJ = 25°C 
Ciss(O) = 158 pF 
Coss(O) = 400 pF 
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DRAIN-TO-SOURCE 
VOLTAGE AND 
GATE-TO-SOURCE 
VOLTAGE 
vs 
GATE CHARGE 
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TIME 
vs 
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See Figure 1 
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MAXIMUM DRAIN CURRENT 
vs 
DRAIN-TO-SOURCE 
VOLTAGE 


TC = 25°C 


11lSt 


10 mst 
~ 


.-Jf" 


I II 
') 
= 
1 mst 
~ 
"" 
SOOllst 
- 
/ 
'\ 
/ 
\ 
DC Conditions 
/ 


III 
I I 
0.1 
0.1 
1 
10 


VDS - Drain-to-Source 
Voltage - V 
t Less than 2% duty cycle 


Figure 15 


MAXIMUM PEAK AVALANCHE CURRENT 
vs 
TIME DURATION OF AVALANCHE 


4 


<{ 
I 
C 
~ 
3 
::J 
U 


CIl 
.<:uc: 
coftj 
~ 
2 
..• 
co 
CIln. 


E 
::J 
E 
";<co:;; 
I 
Ul~ 


I 
I I III 
See Figure 4 


'\ 
TC = 25°C 
\ \ 
TC = 125°C 
\ 
\\ 
1 
0.01 
0.1 


tav - Time Duration of Avalanche - ms 


Figure 16 
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THERMAL 
INFORMATION 


D PACKAGEt 
NORMALIZED 
JUNCTION -TO -AMBIENT THERMAL 
RESISTANCE 
vs 
PULSE DURATION 


DC Conditions 
11 
== d-0.5 


I 


~ 


_ 
d=0.2 
•• 


- 
I 


~ 


d = 0.1 


I 
i-- 
=d 
0.05 


- 
I 
I 
-d 
0.02 
.- 
-" 
, 
- 
I 
I 
" 
d = 0.01 
" 


./ 
.;' Single Pulse 


tw-r~1 
--fLfL 
10 


0 


I 
IIII 
I 
I 
I I 


tw - Pulse Duration - s 
t Device mounted on FR4 printed-circuit 
board with no heat sink. 


NOTES: 
ZaA(t) = r(t) RaJA 


tw = pulse duration 
Ie = cycle time 


d = duty cycle = tw/1e 
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• 
Serial Control With Diagnostics 


• 
Six Power DMOS Transistor Outputs of 
350 mA Continuous Current 


• 
Internal 60-V Inductive Load Clamp 


• 
Independent ON-State 
Shorted-Load/Short-to-Battery 
Fault 
Detection on All Drain Terminals 


• 
Independent OFF-State Open-Load Fault 
Sense on All Drain Terminals 


• 
Transition of Drain Outputs to Low Duty 
Cycle PWM Mode for Over-Current 
Condition 


• 
Over-Battery-Voltage-Lockout Protection 


• 
Over-Temperature Fault Sense and 
Reporting 


• 
Fault Diagnostics Returned Through Serial 
Output Terminal 


• 
Internal Power-On Reset of Registers 
• 
CMOS Compatible Inputs With Hysteresis 


NEPACKAGE 
(TOP VIEW) 


DRAIN5 
DRAIN4 
SCLK 
SDI 
GND 
GND 
SDO 
CS 
DRAIN3 
DRAIN2 


1 V 20 
Vbat 


2 
19 
DRAINO 


3 
18 
NC 


4 
17 
NC 
5 
16 
GND 
6 
15 
GND 


7 
14 
NC 


8 
13 
NC 
9 
12 
DRAIN1 


•.•1_0__ 
11•.• 
Vcc 


ow PACKAGE 
(TOP VIEW) 
•1 
24 


2 
23 


3 
22 
4 
21 


5 
20 


6 
19 


7 
18 


8 
17 


9 
16 


10 
15 


11 
14 


12 
13 


Vbat 
DRAINO 
NC 
NC 
GND 
GND 
GND 
GND 
NC 
NC 
DRAIN1 


VCC 


DRAIN5 
DRAIN4 
SCLK 
SDI 
GND 
GND 
GND 
GND 
SDO 
CS 
DRAIN3 
DRAIN2 


The TPIC2603 
is a monolithic low-side driver 
which provides serial interface and diagnostics to 
control six on-board power OMOS switches. Each 
channel has independent OFF-state open-load 
sense, 
ON-state 
shorted-Ioad/short-to-battery 
protection, over-battery-voltage 
protection, and 
over-temperature sense with fault status reported 
through the serial interface. The device also 
provides inductive voltage transient protection for each drain output. The TPIC2603 can be used to drive 
inductive and resistive loads such as relays, valves, and lamps. 


Serial data input (SOl) is transferred through the serial register when CS is low on low-to-high transitions of the 
serial clock (SCLK). Each string of data must consist of 8 or 16 bits of data. A logic high input data bit will turn 
the respective output channel ON and a logic low data bit will turn it OFF. CS must be transitioned high after all 
of the serial data has been clocked into the device. A low-to-high transition of CS will transfer the last six bits 
of serial data to the output buffer, 3-state the serial data out (SOO)terminal, and re-enable the fault register. Fault 
data for the device is sent out the SOO terminal. The first bit of the shift register is exclusively OR'ed with the 
fault registers. When a fault exists, the SOl data is inverted as it is transferred out of SOO. Fault data consists 
of fault flags for over-temperature (bit 6) and shorted/open-load (bits 0-5) for each of the six output channels. 
Fault register bits are set or cleared asynchronously, when CS is high to reflect the current state of the hardware. 
The fault must be present when CS is transitioned from high to low to be captured and reported in the serial fault 
data. New faults cannot be captured in the serial register when CS is low. 


If an 
over-current 
or 
shorted-load 
fault 
occurs, 
the channel 
will 
transition 
into a 
low duty 
cycle 
pulse-width-modulated (PWM) signal as long as the fault is present. More detail on fault detection operation is 
presented in the device operation section of this data sheet. 


The TPIC2603 provides pull-down resistors on all active-high inputs except SCLK. A pUll-up resistor is 
used on CS. 


The TPIC2603 is characterized for operation over the operating case temperature of -40°C to 125°C. 
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Serial/Paraliellnput 
Control 
~r-@a~~~r-§, 
---. 
I 
I 
I 
I 
I 
ii~--13---1S~1S~1S~~--l 


L_ 
------ 
----r--- 
-- 
J 


ORAl NO 
DRAIN1 
DRAIN2 
DRAIN3 
DRAIN4 
DRAINS 


Fault SenselProtection 
Circuitry 


• 
Over current/short 
to Vbat sense 
• 
Open-Ioad/short-to-GND 
OFF-state sense 
• 
Current limit 
• 
Over-temperature 
sense (optional) 


lOver 
lOver 
I temperature I voltage 
I 
logic 
I 
sense 


SDO 


Drlverl 
Communication 
Error Status 
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TERMINAL 


NO.t 
I/O 
DESCRIPTION 
NAME 


CS 
8 (10) 
I 
Chip select. CS is an active-low input. Serial communication 
is enabled by pulling the CS terminal low. The CS 
input should only be transitioned when SCLK is low. CS has an internal active pull-up and requires CMOS iogic 
level inputs. 


DRAINO 
19 (23) 
0 
FET drain outputs. These terminals pull current through the low-side switched loads. They are actively ciamped 
DRAIN1 
12 (14) 
at the peak clamping voltage as defined in the electrical characteristics 
section of this data sheet. 


DRAIN2 
10 (12) 


DRAIN3 
9 (11) 


DRAIN4 
2 (2) 


DRAINS 
1 (1) 


GND 
5,6,15, 
Ground. These terminals provide circuit ground for the device. 


16 (5, 6, 7, 


8,17,18, 


19,20) 


SCLK 
3 (3) 
I 
Serial clock. SCLK clocks the shift register. Serial data is transferred 
into the serial data input (SDI) port and 
serial fault data is transferred out of the serial data output (SDO) port of the device on the rising edges of SCLK. 


SDI 
4 (4) 
I 
Serial data input. SDI receives serial data from the control device. The serial data transmitted 
on this terminal 
is an 8-bit (or 16-bit) control byte with the most significant bit (MSB) being transferred 
first. The input has an 
internal active pull-down and requires CMOS logic level inputs. See Figures 2 and 4 for input protocol. 


SDO 
7 (9) 
0 
Serial data output. This 3-state output transfers fault data to the control device. The output will remain 3-stated 
unless the device is selected by a low on chip select (CS). See Figures 3 and 4 for fault protocol. 


Vbat 
20 (24) 
Battery voltage. The output drivers will operate at the battery voltage (Vbat) levels as low as 5.5-V. This supply 
is provided for over-voltage 
shutdown protection and for added gate-drive capabilities. 


VCC 
11 (13) 
Supply voltage. VCC is connected to the 5-V power supply voltage. The output driver will be able to turn ON at 
VCC levels as low as 4.5 V. 


absolute maximum ratings over the recommended operating case temperature range (unless 
otherwise noted):t 


Logic supply voltage range, Vcc 
(see Note 1) 
-0.3 
V to 7 V 
Battery supply voltage range, Vbat 
-1.5 
V to 60 V 
Logic input voltage range, VI 
-0.3 
V to 7 V 
Power DMOS drain-to-source voltage, Vos (see Note 2) 
70 V 
Continuous drain current, each output, all outputs on, IOn. TC = 25°C 
350 mA 
Pulsed drain current, single output, TA = 25°C (see Note 3) 
2.25 A 
Single-pusle avalanche energy, EAS (see Figure 14) 
100 mJ 
Operating virtual junction temperature range, TJ 
-40°C to 150°C 
Storage temperature range, Tstg 
-55°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seocnds 
260°C 


:I: Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 


implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 


NOTES: 
1. 
All voltage values are with respect to GND. 


2. 
Each power DMOS source is internally connected to GND. 


3. 
Pulse duration s 100 lls and duty cycle S 2%. 
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MIN 
NOM 
MAX 
UNIT 


Logic supply voltage, Vcc 
4.5 
5 
5.5 
V 


Battery supply voltage, Vbat 
5.5 
12 
25 
V 


High-level input voltage, VIH 
0.7VCC 
VCC 
V 


Low-level input voltage, VIL 
0 
0.3VCC 
V 


Operating case tempeature, 
TC 
-40 
125 
°c 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Vbat 
Battery supply voltage 
Normal operation 
5.5 
25 
V 


VCC = 5 V 
5 
mA 
Ibat 
Battery supply current 
VCC = 0 V 
50 
~A 


VCC 
Logic supply voltage 
4.5 
5.5 
V 


ICC 
Logic supply current 
All outputs off, 
Vbat= 
5.5 V 
5 
mA 


Vturnon 
VCC turn-on voltage 
Vbat = 5.5 V, 
Check output functionality 
4.5 
V 
(logic operational) 


V(OV) 
Over-battery 
voltage 
Gate disabled 
30 
38 
V 
shutdown 


Vhys(ov) 
Over-battery 
voltage reset 
0.4 
2 
V 
hysteresis 


Vbat = 13 V 
0.7 
1 


Vbat = 5.5 V 
10 = 0.35 A, 
TC = 25°C 
1.7 
2.3 
Drain-to-source 
on-state 
rDS(on) 
resistance 
Q 
Vbat = 13 V 
1.2 


Vbat = 5.5 V 
10 =0.35A, 
TC = 125°C 
2.7 


IL 
On-state current limit 
0.8 
5 
A 


ITM(ov) 
Over-current 
sense 
0.8 
3 
A 


ICS 
Input pull-up current 
GND < VI < 0.7 VCC -CS 
-5 
-10 
-50 
~A 


IlL 
Input pull-down current 
0.3 VCC < VI < VCC, 
All other inputs 
2.5 
10 
25 
~A 


IDSX 
Off-state drain current 
Vload = Vbat = 14.5 V 
20 
40 
80 
~A 


10lsleeo) 
Output current, sleep-state 
Vbat < 0.5 V, 
VCC <0.5 V, 
Load = 14 V 
50 
~ 


VOH 
High-level serial output 
10=1 
mA 
0.8VCC 
V 
voltage 


VOL 
Low-level serial output 
10=1 
mA 
0.2 
0.4 
V 
voltage 


loz 
Output current, SDO 3-state 
VCC=5.5VtoOV 
-10 
1 
10 
~A 


V(BR)DSX 
Drain-to-source 
breakdown 
dC<1%, 
tw = 100 ~s, 
10 =20 mA 
52 
58 
68 
V 
voltage 


T(ljmit) 
Thermal flag 
150 
170 
185 
°C 


T(hyst) 
Thermal flag hyteresis 
5 
10 
15 
°C 


V(ooen) 
Open load detection voltage 
0.3VCC 
0.7VCC 
V 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tw 
Clock cycle period pulse duration SCLK 
See Figure 1 
250 
555 
ns 


twHISCLKl 
Pulse duration SCLK high 
See Figure 1 
100 
248 
ns 


twL(SCLK) 
Pulse duration SCLK low 
See Figure 1 
100 
248 
ns 


tpd1 
Propagation 
delay from falling edge of CS to SOO valid 
CS : 0.8 V to SOO low 
150 
300 
ns 
impedance (see Figure 1) 


tod2 
Propagation 
delay from rising edge of CS to SOO 3-state 
CS : 2 V to SOO 3-state 
150 
200 
ns 


tod3 
Propagation 
delay from SCLK to SOO 
CS < 0.8 V 
80 
172 
ns 


tr(SOO) 
Rise time of SOO 
Cload : 200 pF 
30 
50 
ns 


tfiSOOl 
Fall time of SOO 
Cload : 200 pF 
30 
50 
ns 


tstb 
Short-to-battery/shorted-Ioad/open-Ioad 
deglitch time 
See Figures 5 and 6 
25 
70 
100 
Ils 


!dlonl 
Turn-on delay time, rising edge of CS to drain 
0.4 
5 
10 


td(oft) 
Turn-oft delay time, rising edge of CS to drain 
Vbat: 
14 V, 
0.4 
5 
15 


tr(drain) 
Rise time of drain terminal 
Rload: 
30 Q 
0.4 
5 
10 
IlS 


tf(drain) 
Fall time of drain terminal 
0.4 
5 
10 


fISCLK) 
Serial clock frequency 
1.8 
4 
MHz 


lcvclrefl 
Short-to-battery 
sense cycle time 
See Figure 5 
1.6 
4 
6.4 
ms 


twsense 
Short-to-battery 
sense pulse duration 
See Figure 5 
25 
70 
100 
Ils 


tsu1 
Setup to/from the fall edge of CS to the rising edge of SCLK 
See Figure 1 
150 
200 
ns 


tsu(SOI) 
Setup time, SOl to SCLK 
See Figure 1 
25 
55 
ns 


th(SOI) 
Hold time, SOl after SCLK 
See Figure 1 
10 
55 
ns 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


RaJA 
Junction-to-ambient 
thermal resistance 
All outputs with equal power 
50 
°C 


RSJC 
Junction-to-case 
thermal resistance 
All outputs with equal power 
10 
°C 
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• 
Seven 0.5-A Independent 
Output Channels 
• 
Integrated Clamp Diode With Each Output 


• 
Low rOS(on) ... 
0.5 Q Typical 
• 
Output Voltage 
60 V 
• 
Pulsed Current 
3 A Per Channel 


• 
Avalanche Energy ... 
22 mJ 


GATE1 
GATE2 
GATE3 
GATE4 
GATES 
GATE6 
GATE? 
SOURCE 


description 


The TPIC2701 
is a monolithic power DMOS 
transistor 
array 
that 
consists 
of 
seven 
independent 
N-channel 
enhancement-mode 
DMOS transistors connected in a common-source 
configuration with open drains. The TPIC2701 is 
pin-for-pin functionally compatible with the Texas 
Instruments ULN2001A through ULN2004A. 


logic diagram 


9 
CLAMP 


GATE1 
16 
DRAIN1 


GATE2 
2 
15 
DRAIN2 


GATE3 
3 
14 
DRAIN3 


GATE4 
4 
13 
DRAIN4 


GATE5 
5 
12 
DRAINS 


GATE6 
6 
11 
DRAIN6 


GATE7 
7 
10 
DRAIN7 


8 


SOURCE 


NPACKAGE 
(TOP VIEW) 


1 U 16 


2 
15 


3 
14 
4 
13 


5 
12 


6 
11 


7 
10 
8 
9 


DRAIN1 
DRAIN2 
DRAIN3 
DRAIN4 
DRAINS 
DRAIN6 
DRAIN? 
CLAMP 
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absolute maximum ratings over operating case temperature range (unless otherwise noted) 


Drain-source voltage, VOS 
60 V 
Gate-source voltage, VGS 
±20 V 
Clamp-drain voltage, Vco 
60 V 
Continuous source-drain diode current 
0.5 A 
Pulsed drain current, each output, 10 (see Note 1 and Figure 17) 
3 A 
Pulsed clamp current, ICL (see Note 1 and Figure 18) 
3 A 
Continuous drain current, each output, all outputs on 
0.5 A 
Single-pulse avalanche energy, EAS (see Figure 4) 
22 mJ 
Continuous total dissipation at (or below) TA = 25°C (see Note 2) 
1.4 W 
Operating virtual junction temperature range, TJ 
-40°C to 150°C 
Operating case temperature range, TC 
-40°C to 125°C 
Storage temperature range, Tstg 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


NOTES: 
1. 
Pulse duration = 10 ms, duty cycle = 6%. 


2. 
For operation above 25°C free-air temperature, 
derate linearly at the rate of 11 mW/oC. To avoid exceeding the design maximum 
virtual junction temperature, 
these ratings should not be exceeded. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


V(BR\DS 
Drain-source 
breakdown voltage 
10=1~, 
VGS = 0 
60 
v 


VTGS 
Gate-source threshold voltage 
10=1 
mA, 
VOS =VGS 
1.2 
1.75 
'2.4 
V 


VOS(on) 
Drain-source on-state voltage 
10 =0.5A, 
VGS=15V, 
0.25 
0.4 
V 
See Notes 3 and 4 


TTC = 25°C 
0.05 
1 
lOSS 
Zero-gate-voltage 
drain current 
VOS =48V, 
VGS = 0 
ITC = 125°C 
0.5 
10 
JlA 


IGSSF 
Forward gate current, drain short circuited to 
VGS = 20 V, 
VOS =0 
10 
100 
nA 
source 


IGSSR 
Reverse gate current, drain short circuited to 
VGS = -20 
V, VOS = 0 
10 
100 
nA 
source 


VGS=15V, 
ID=0.5A,ITC=25°C 
0.5 
0.8 
rOS(on) 
Forward drain-source 
on-state resistance 
See Notes 3 and 4 and 
r 
Q 


Figures 5 and 6 
TC = 125°C 
0.8 
1.3 


gfs 
Forward transconductance 
VOS=15V, 
10 =0.5A, 
0.5 
0.8 
S 
See Notes 3 and 4 


Ciss 
Short-circuit 
input capacitance, 
common source 
105 


Coss 
Short-circuit 
output capacitance, 
common source 
VOS =25 V, 
VGS= 
0, 
f = 300 kHz 
65 
pF 


Crss 
Short-circuit 
reverse transfer capacitance, 
15 
common source 


NOTES: 
3. 
Technique should limit TJ - TC to 10°C maximum. 
4. 
These parameters 
are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts with a single output 
transistor conducting. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VSO 
Forward on voltage 
IS = 0.5 A, 
VGS = 0 
0.9 
1.4 
V 


trr(SD\ 
Reverse-recovery 
time 
IS =0.5A, 
VGS = 0, 
VOS = 48 V, 
165 
ns 


QRR 
Total source-drain 
diode charge 
di/dt = 25 NJls, 
See Figure 1 
250 
nC 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VF 
Forward on-voltage 
IF = 0.5 A 
1 
1.5 
V 


VBR 
Breakdown voltage 
IR = 1 !iA 
60 
V 


IR 
Reverse leakage current 
VR=48 
V 
0.05 
1 
!iA 


trrlCDl 
Reverse-recovery 
time 
IF=0.1 
A, 
dVdt = 25 NilS, 
90 
ns 


QRR 
Total source-drain 
diode charge 
VCO = 48 V, 
See Figure 1 
100 
nC 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


'dlon) 
Turn-on delay time 
10 


tdloff) 
Turn-off delay time 
VOO=25 
V, 
RL= lOOn, 
ten = 10 ns, 
30 
ns 
tr 
Rise time 
tdis = 10 ns, 
See Figure 2 
15 


tf 
Fall time 
5 


Qg 
Total gate charge 
2.8 
3.6 


Qgs 
Gate-source 
charge 
VOS =48 V, 
10 = 0.25 A, 
VGS= 
10V, 
1.6 
2 
nC 
See Figure 3 
Qad 
, 
Gate-drain charge 
1.2 
1.6 


thermal 
resistance 


PARAMETER 
TEST CONDITIONS 


All outputs with equal power 


MIN 
TYP 
MAX 


90 


IRM 
(see Note A) 


I 
I 
I 
I 
----------+---- 


I 
I 
I 
I 
I 


+- dildt = 25 NilS / 
-----t--------- 
l 


I~---------------- 
I 
25% of IRM 


I 
I 
I 
I 
I 
I 


I 
I 
~ 
trr----+I 
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~ 
~tdis 
I 


900;. -1-- 
15 V 


1 


1 


I 
I 
I 
I 


td(on) ~ 
~ 
~ 
14- td(off) 


~ 


90%VOO 
Vos 
I 
10% 
1 
I 
T - - 
VOS(on) 


tf 
~ 
~ 
-+t 
1"- 
tr 


VOLTAGE WAVEFORM 


Pulse Generator 
r-----' 
VGS 
I 
I 
IIRgen 
I n 
son 
IIIL 
J 


IG Current- 
--: 
10 Current- 
Sampling 
Resistor 
Sampling Resistor 


TEST CIRCUIT 


Qgs = Qg-Qgd 


WAVEFORM 
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Pulse Generator 
(see Note A) 
r-----' 
I 
I 
II Rgen 
I 
I n 
I 
I 
I 
II 
I 
L. 
.J 


TEST CIRCUIT 


~ 
*-+I tav 
tw -+j 
I 


VG~ 
r-T--- 


15 V 


0 


I 
-...j.-- 
IAS 


I 
I 
(see Note B) 
10 
I 
I 


----- 
0 


VOLTAGE ANO CURRENT WAVEFORMS 


NOTES: 
A. 
The pulse generator has the following characteristics: 
tr S; 10 ns, tf S; 10 ns, Zo = 50 n. 


B. 
Input pulse duration (twl is increased until peak current IAS = 2.5 A. 


IAS 
x 
V(BR)DSX 
x 
tav 
. 


Energy test level is defined 
as EAS = 
2 
= 22 mJ min. 
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STATIC DRAIN-SOURCE 
ON-STATE RESISTANCE 
vs 
FREE-AIR TEMPERATURE 
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• 
Low 
rOS(on) •.. 
0.411 Typ 
• 
High-Voltage 
Outputs ... 
60 V 


• 
Pulsed Current ... 
5 A Per Channel 


• 
Fast Commutation 
Speed 


DPACKAGE 
(TOP VIEW) 


description 


The 
TPIC3302 
is a monolithic 
power 
OMOS 
array 
that 
consists 
of three 
electrically 
isolated 
N-channel 
enhancement-mode 
OMOS transistors 
configured 
with a common 
drain and open sources. 
The TPIC3302 
is 
offered 
in a standard 
eight-pin 
small-outline 
surface-mount 
(0) package. 


The TPIC3302 
is characterized 
for operation 
over the case temperature 
range of -40°C 
to 125°C. 


SOURCE1 
GATE2 
SOURCE2 
SOURCE3 


• 
1 
8 


2 
7 


3 
6 


4 
5 


GATE 1 
GND 
DRAIN 
GATE3 


DRAIN 
6 


Q1 


GATE1 -!.J 


Q2 


GATE2~ 


Q3 


GATE3~ 


1 
SOURCE1 
3 
SOURCE2 
4 
SOURCE3 
7 


GND 


absolute 
maximum 
ratings 
over operating 
case temperature 
range 
(unless 
otherwise 
noted)t 


Orain-to-source 
voltage, 
VDS 
60 V 
Source-to-GNO 
voltage 
100 V 
Orain-to-GNO 
voltage 
100 V 
Gate-to-source 
voltage, 
VGS 
±20 V 
Continuous 
drain current, 
each output, 
all outputs 
on, TC = 25°C 
1 A 
Continuous 
source-to-drain 
diode current 
1 A 
Pulsed 
drain current, 
each output, 
TC = 25°C (see Note 1 and Figure 6) 
5 A 
Single-pulse 
avalanche 
energy, 
TC = 25°C, 
EAS (see Figure 4) 
9 mJ 
Continuous 
total power 
dissipation 
at (or below) TC = 25°C 
0.95 W 
Operating 
virtual junction 
temperature 
range, TJ 
-40°C 
to 150°C 
Operating 
case temperature 
range, TC 
-40°C 
to 125°C 
Storage 
temperature 
range, Tstg 
-65°C 
to 150°C 
Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
260°C 
t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 


implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 


NOTE 1: 
Pulse duration = 10 ms, duty cycle = 2% 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


V(BR)OSX 
Orain-to-source 
breakdown voltage 
10 = 250 J.!A, 
VGS =0 
60 
V 


VGSlthl 
Gate-to-source 
threshold voltage 
10=1 
mA, 
VOS = VGS 
1.5 
1.85 
2.2 
V 


V(BR) 
Reverse drain-to-GNO 
breakdown voltage 
Orain-to-GNO current = 250 flA 
100 
V 
(across 01) 


VOS(on) 
Orain-to-source 
on-state voltage 
10= 1 A, 
VGS=10V, 
0.4 
0.475 
V 
See Notes 2 and 3 


VF 
Forward on-state voltage, GNO-to-drain 
10= 1 A, 
2 
V 
See Notes 2 and 3 


VF(SO) 
Forward on-state voltage, source-to-drain 
IS= 1 A, 
VGS=O, 
0.9 
1.1 
V 
See Notes 2 and 3 


VOS =48V, 
ITC = 25°C 
0.05 
1 
lOSS 
Zero-gate-voltage 
drain current 
VGS = 0 
ITC = 125°C 
0.5 
10 
J.!A 


IGSSF 
Forward gate current, drain short circuited to source 
VGS=16V, 
VOS =0 
10 
100 
nA 


IGSSR 
Reverse gate current, drain short circuited to source 
VSG=16V, 
VOS=O 
10 
100 
nA 


TC = 25°C 
0.05 
1 
Ilkg 
Leakage current, drain-to-GNO 
VR =48 V 
TC = 125°C 
0.5 
10 


J.!A 


VGS= 
10V, 
TC = 25°C 
0.4 
0.475 


rOS(on) 
Static drain-to-source 
on-state resistance 
10= 1 A, 
n 
See Notes 2 and 3 
and Figures 6 and 7 
TC = 125°C 
0.63 
0.7 


9fs 
Forward transconductance 
VOS= 
10V, 
10 = 0.5 A, 
0.85 
1.02 
S 
See Notes 2 and 3 


Clss 
Short-circuit 
input capacitance, 
common source 
115 
145 


Coss 
Short-circuit output capacitance, 
common source 
VOS= 
25 V, 
VGS =0, 
60 
75 
pF 
Short-circuit 
reverse-transfer 
capacitance, 
f= 1 MHz 
Crss 
common source 
30 
40 


NOTES: 
2. 
Technique should limit TJ - TC to 1Q°C maximum, pulse duration,,5 
ms. 


3. 
These parameters are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


trrlSDl 
Reverse-recovery 
time 
IS = 0.5 A, 
VGS =0, 
VOS =48 V, 
35 
ns 


QRR 
Total diode charge 
dVdt = 100 Alfls, 
See Figure 1 
0.03 
flC 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


trr 
Reverse-recovery 
time 
IF = 0.5 A, 
VOS=48 
V, 
90 
ns 


QRR 
Total diode charge 
di/dt = 100 Alfls, 
See Figure 1 
0.2 
flC 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


td(on) 
Turn-on delay time 
21 
42 


td(off\ 
Turn-off delay time 
VOO =25 V, 
RL = 50 n, 
ten = 10 ns, 
20 
40 


ns 
tr 
Rise time 
tdis = 10 ns, 
See Figure 2 
5 
10 


tf 
Fall time 
13 
26 


Og 
Total gate charge 
3.1 
3.8 


Ogs(th) 
Threshold gate-to-source 
charge 
VOS = 48 V, 
10 = 0.5 A, 
VGS=10V, 
0.4 
0.5 
nC 
See Figure 3 


0gd 
Gate-to-drain 
charge 
1.3 
1.6 


LO 
Internal drain inductance 
5 


nH 
LS 
Internal source inductance 
5 


Rg 
Internal gate resistance 
0.25 
n 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


RSJA 
Junction-to-ambient 
thermal resistance 
130 
All outputs with equal power, 
See Note 4 
°CfW 


RSJP 
Junction-to-pin 
thermal resistance 
44 
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NOTES: 
A. 
The pulse generator has the following characteristics: 
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Input pulse duration (tw) is increased until peak current IAS = 5 A. 
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STATIC DRAIN-TO-SOURCE 
ON-STATE RESISTANCE 
vs 
DRAIN CURRENT 
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TIME 
vs 
REVERSE 
dUdt 


IS= 0.5 A 
TJ = 25°C 
See Figure 
1 


\ 
'" 
01 
•........,- 
01, 02, and 03 
- 


I 


1 
1.5 
2 
2.5 


Og - Gate Charge - nC 
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MAXIMUM DRAIN CURRENT 
vs 
DRAIN-TO-SOURCE 
VOLTAGE 


TC 
25°C 
- 
111st 
" 
I 
~ 
[7 
10 mst 
~~~1'>/' 


'~ 


50011st 
" 
/ 
IT 
DC Conditions \]\ 


0.1 
0.1 
1 
10 
VDS - Drain-to-Source 
Voltage - V 


t Less than 0.1 duty cycle 
Figure 
15 


MAXIMUM PEAK-AVALANCHE CURRENT 
vs 
TIME DURATION OF AVALANCHE 


See Figure 4 


"\ 


1\ 
'" 
TC = 25°C 


TC = 125°C \. 
~ 


1\ 
f\ 
1\ 
1\ 
1 
0.01 
0.1 


tav - Time Duration of Avalanche - ms 
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DPACKAGEt 
NORMALIZED JUNCTION· TO-AMBIENT THERMAL RESISTANCE 
vs 
PULSE DURATION 


DC Conditions 


;::::: d = 0.5 


f- 
d = 0.2 
~ 
f- 
d = 0.1 
~- 
= d_0.05 


- 
d=0.02 
--- 
I 
I 
L- 
~ .•..•. 


- 
d =0.01 
•.... 


,/ 
V 
Single Pulse 


,/ 
=== 


tw-.r-~1 
== 
--- 
----.fLJL 
10 
- 
0 


I 


tw - Pulse Duration - s 


t Device mounted on FR4 printed-circuit 
board with no heat sink 
NOTES: 
ZSA(t) = r(t) RSJA 
tw = pulse duration 
Ie = cycle time 


d = duty cycle = tw/le 
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• 
Low 
rOS(on) .•• 
0.6 n Typ 
• 
High-Voltage 
Outputs ... 
60 V 


• 
Pulsed Current ... 
2.25 A Per Channel 


• 
Fast Commutation 
Speed 
• 
Direct Logic-Level 
Interface 


DPACKAGE 
(TOP VIEW) 


SOURCE1D8 
GATE1 
GATE2 
2 
7 
GND 
SOURCE2 
3 
6 
DRAIN 
SOURCE3 
4 
5 
GATE3 


description 


The TPIC3322L is a monolithic logic-level power DMOS transistor array that consists of three isolated 
N-channel enhancement-mode DMOS transistors configured with a common drain and open sources. 


The TPIC3322L is offered in a standard 8-pin small-outline surface-mount (D) package and is characterized for 
operation over the case temperature range of -40°C to 125°C. 


DRAIN 
6 


Q1 


GATE1 ~ 


Q2 


GATE2~ 


Q3 


GATE3~ 


1 
SOURCE1 
3 
SOURCE2 
4 
SOURCE3 


absolute maximum ratings over operating case temperature range (unless otherwise noted)t 


Drain-to-source voltage, VDS 
60 V 
Source-to-GND voltage 
100 V 
Drain-to-GND voltage 
100 V 
Gate-to-source voltage, VGS 
±20 V 
Continuous drain current, each output, all outputs on, TC = 25°C 
0.75 A 
Continuous source-to-drain diode current, Tc = 25°C 
0.75 A 
Pulsed drain current, each output, 'max, Tc = 25°C (see Note 1 and Figure 15) 
2.25 A 
Single-pulse avalanche energy, EAS, Tc = 25°C (see Figure 4) 
19 mJ 
Continuous total power dissipation at (or below) TC = 25°C (see Figure 15) 
0.95 W 
Operating virtual junction temperature range, TJ 
-40°C to 150°C 
Operating case temperature range, TC 
-40°C to 125°C 
Storage temperature range, Tstg 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 
NOTE 1: 
Pulse duration = 10 ms and duty cycle = 2%. 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VIBRlDSX 
Orain-to-source 
breakdown voltage 
10=250~, 
VGS = 0 
60 
V 


VGSCthl 
Gate-to-source 
threshold voltage 
10= 1 mA, 
VOS = VGS 
1.5 
1.85 
2.2 
V 


V(BR) 
Reverse drain-to-GNO 
breakdown voltage 
Orain-to-GNO current = 250 ~ 
100 
V 
(across 01) 


VOS(on) 
Orain-to-source 
on-state voltage 
10=0.75A, 
VGS = 5 V, 
0.45 
' 0.53 
V 
See Notes 2 and 3 


VF 
Forward on-state voltage, GNO-to-drain 
10=0.75A, 
1.8 
V 
See Notes 2 and 3 


VF(SO) 
Forward on-state voltage, source-to-drain 
IS = 0.75 A, 
VGS =0, 
0.85 
1 
V 
See Notes 2 and 3 and Figure 12 


VOS =48V, 
TC = 25°C 
0.05 
1 
lOSS 
Zero-gate-voltage 
drain current 
VGS = 0 
TC = 125°C 
0.5 
10 
~ 


IGSSF 
Forward gate current, drain short circuited to source 
VGS=16V, 
VOS =0 
10 
100 
nA 


IGSSR 
Reverse gate current, drain short circuited to source 
VSG=16V, 
VOS =0 
10 
100 
nA 


TC = 25°C 
0.05 
1 
Ilkg 
Leakage current, drain-to-GNO 
VOGNO =48V 
TC = 125°C 
0.5 
10 
~ 


VGS=5V, 
TC = 25°C 
0.6 
0.7 


rOS(on) 
Static drain-to-source 
on-state resistance 
10=0.75A, 
Q 
See Notes 2 and 3 
and Figures 6 and 7 
TC = 125°C 
0.94 
1 


9fs 
Forward transconductance 
VOS = 10V, 
10 = 0.5 A, 
0.75 
0.9 
S 
See Notes 2 and 3 and Figure 9 


Ciss 
Short-circuit 
input capacitance, 
common source 
115 
145 


Coss 
Short-circuit 
output capacitance, 
common source 
VOS =25 V, 
VGS=O, 
60 
75 
pF 
Short-circuit 
reverse transfer capacitance, 
f= 
1 MHz, 
See Figure 11 
Crss 
30 
40 
common source 


NOTES: 
2. 
Technique should limit TJ - TC to 10°C maximum. 
3. 
These parameters 
are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Z1, Z2, Z3 
30 
trr(SO) 
Reverse-recovery 
time 
IS = 0.375 A, 
VGS =0, 
ns 
01 
85 
dildt = 100 A/jls, 
VOS =48V, 
See Figures 1 and 14 
Z1,Z2, 
Z3 
0.03 
QRR 
Total diode charge 
01 
0.19 
jlC 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tdCon) 
Turn-on delay time 
8 
16 


tdCoff) 
Turn-off delay time 
VDD ;25 
V, 
RL;67 
n, 
tr1 ; 10 ns, 
12 
24 
ns 
tr2 
Rise time 
tf1 ; 10 ns, 
See Figure 2 
14 
28 


tf2 
Fall time 
13 
26 


Og 
Total gate charge 
1.8 
2.3 


Ogs(th) 
Threshold gate-to-source 
charge 
VDS; 
48 V, 
ID; 
0.375 A, 
VGS;5V, 
0.4 
0.5 
nC 
See Figure 3 


0gd 
Gate-to-drain 
charge 
1.1 
1.4 


LD 
Internal drain inductance 
5 
nH 
LS 
Internal source inductance 
5 


Rq 
Internal gate resistance 
0.25 
n 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


R8JA 
Junction-to-ambientthermal 
resistance, 
130 
See Note 4 
All outputs with equal power 
°CIW 


ReJC 
Junction-to-case 
thermal resistance 
44 


1.5 
'VDS~48V 
VGS; 
0 
TJ = 25°C 
Z1, Z2, and Z3 Only 


I 
,I 
:1 


'.Mt--C--+ /#c- 


trr(SD) 
1<1 
~I 
. 


-2.5 
o 
25 
50 
75 
100 
125 
150 
175 
200 
225 
250 
t - Time- ns 
t IRM ; maximum recovery current 
NOTE A. 
The above waveform represents D1 in shape only. 
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tr1 ---.I 
~ 


!I 
~ 
VGS Y 


I 


td(on) 
~ 
.1 


tf2 -.I 
[.- 


~ 


Pulse Generator 
r-----' 
I 
I 
IIRgen 
In 
IIIL. 
.J 


CL = 30 pF 
(see Note A) 


TEST CIRCUIT 


NOTE A: 
CL includes probe and jig capacitance. 


-1 j+-tf1 


}[--- 
5V 


I 
ov 
I 
~ 
ld(off) 


--.j 
i4- 
tr2 
i=voo 


--- 
VOS(on) 


12-V 
- 


Battery 


Q9S(th)~ 
Qgd 
~ 


I 


I 


IG Current- 
-=- 
10 Current- 
Sampling Resistor 
Sampling Resistor 


TEST CIRCUIT 
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Pulse Generator 
(see Note A) 
r------, 
I 
50Q I 
II Rgen 
I 
I n 
I 
I 
I 
II 
I 
L. 
.J 


VGsJ~ 


I 
I 
I 


~tavt 
tw~ 
I 


t-t--- 
5V 


- 
I 
OV 
--1--- 
IAS 


:: 
(see Note B) 


I 
OV 


--- 
V(BR)DSX = 60 V Min 


TEST CIRCUIT 
VOLTAGE AND CURRENT WAVEFORMS 
t Non-JEDEC symbol for avalanche time 
NOTES: 
A. 
The pulse generator has the following characteristics: 
tr ~ 10 ns, tf ~ 10 ns, Zo = 50 Q. 


B. 
Input pulse duration (tw) is increased until peak current 'AS = 2.25 A. 


IAS 
x 
V(BR)DSX 
x 
tav 
Energy test level is defined 
as EAS = --- 
2 
19 mJ, where tav = avalanche 
time. 


GATE-TO-SOURCE THRESHOLD VOLTAGE 
vs 
JUNCTION TEMPERATURE 


o-~-w 
0 w ~ ~ ~ 
l00lWl~l~ 


TJ - Junction 
Temperature 
- DC 
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STATIC DRAIN-TO-SOURCE 
ON·STATE RESISTANCE 
vs 
JUNCTION TEMPERATURE 


o 
-~-W 
0 
W 
~ 
~ 
~ 
l00lW1~1~ 


TJ - Junction 
Temperature 
- DC 
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STATIC DRAIN·TO-SOURCE 
ON-STATE RESISTANCE 
vs 
DRAIN CURRENT 


I I III 


TJ = 25°C 


VGS=4.5V / 
/' 


VGS = 5 V 


0.1 
1 
ID - Drain Currenl - A 


2.25 


2 


1.75 


c( 
I 
'E 
~ 
1.25 
::Ju 
C 
'0; 
t5 
I 
0.75 
E 


0.50 


0.25 


0 
0 
1 
2 
3 
4 
5 
VoS - orain-lo-Source 
Vollage - V 


Figure 8 


DRAIN CURRENT 
vs 
GATE-TO-SOURCE 
VOLTAGE 


2.25 
TJ = 25°C 
VoS =5 V 
2 
TJ = 75°C 
TJ = 125°C 


1.75 
« 
I 
1.50 
'E~:; 
1.25 
u 
c 
'i!c 
I 
0.75 
E 


0.50 


0.25 


0 
0 
2 
3 
4 
5 


VGS - Gale-lo-Source 
Voltage - V 


Figure 10 


DRAIN CURRENT 
vs 
DRAIN·TO-SOURCE 
VOLTAGE 


DISTRIBUTION OF 
FORWARD TRANSCONDUCTANCE 


Tolal Number of 
- 
Unils = 639 
VoS=10V 
10 = 0.5 A 
TJ = 25°C 
- 


I-- 
- - 
It> 
_ 
o 
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d 
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CAPACITANCE 
vs 
DRAIN-TO-SOURCE 
VOLTAGE 


lI. 
Do 
I 
••g 
120 
~u[ 
•• 
UI 
80 
u 


VGS=O 1 
f= 
1 MHz 
TJ = 25°C 
Ciss(O) = 158 pF 
\ 


Coss(O) = 400 pF 
Crss(O) = 78 pF 


Ciss 
\ 
~ 
to-- 
Coss 
\ 
I 
..•..••- 


Crss 


o 
o 
4 
8 
12 
16 
20 
24 
28 
32 
31; 
40 
VOS - Oraln-ta-Source 
Voltage 
- V 


DRAIN-TO-SOURCE 
AND GATE-TO-SOURCE 
VOLTAGE 
vs 
GATE CHARGE 


10=0.375 
A 
TJ = 25°C 
See Figure 
3 


0.5 
1 
1.5 


Qg - Gate Charge 
- nC 
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SOURCE-TO-DRAIN 
DIODE CURRENT 
vs 
SOURCE-TO-DRAIN 
VOLTAGE 


VGS - 0 
• 
~ 
TJ = 150°C 
~ 
TJ=-40°C 
-I 
I 
I 
I 
I 
----- 
TJ = 25°C 
TJ = 125°C 


"- 
I 
I 
I 
=-TJ=75°C 


1 


VSO - Source-ta-Orain 
Voltage - V 


REVERSE-RECOVERY 
TIME 
vs 
REVERSE dildt 


VGS = 0 
VOS=48 
V 
IS = 0.375 A 
TJ = 25°C 
See Figure 
1 
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MAXIMUM DRAIN CURRENT 
vs 
DRAIN-TO-SOURCE 
VOLTAGE 


TC _ 25°C 


1 list 
/ 
~ ~r\ 
10mst/ 


1 mst 
" 
"', 
" 


III < 
500 list 
/ 
\ 
/ 
DC Conditions \ 
/ 


IIIII1 
0.1 
0.1 
1 
10 
VDS - Drain-to-Source Voltage - V 


t Less than 2% duty cycle 
Figure 15 


MAXIMUM PEAK AVALANCHE 
CURRENT 
vs 
TIME DURATION OF AVALANCHE 


1 
0.01 
0.1 


tav - Time Duration of Avalanche - ms 
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NORMALIZED JUNCTION· TO -AMBIENT THERMAL RESISTANCEt 
vs 
PULSE DURATION 


10 
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DC Conditions 
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Oi 
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"" 
E0 
/V 
Single Pulse 
z 
I 
0.001 
c( 
~ 
a: 


tw - Pulse Duration - s 
t Device mounted on FR4 printed-circuit 
board with no ~eat sink. 


NOTE A: 
ZaA(t) = r(t) RaJA 


tw 
= pulse duration 
tc 
= cycle time 


d = duty cycle 
= tw/tc 


-• 
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• 
Two 7.5-A Independent 
Output Channels, 
Continuous 
Current Per Channel 


• 
Low rOS(on) ... 
0.09 nTypical 


• 
Output Voltage 
60 V 
• 
Pulsed Current 
15 A Per Channel 


• 
Avalanche Energy ... 
120 mJ 


description 


The TPIC5201 is a power monolithic DMOS array 
that consists 
of dual 
independent 
N-channel 
enhancement-mode DMOS transistors. 


GATE1~ 


GATE2 
lJ't 


TPIC5201 
DUAL POWER DMOS ARRAY 


KVPACKAGE 
(TOP VIEW) 


To ensure correct device operation, the source and the drain of the 
same transistor cannot simultaneously 
be taken below GND. 


The tab is electrically connected to GND. 


absolute maximum ratings over operatin!~case temperature range (unless otherwise noted) 


Drain-source voltage, VDS 
60 V 
Source-GND voltage 
60 V 
Drain-GND voltage 
60 V 
Gate-source voltage, VGS 
±20 V 
Continuous source-drain diode current 
7.5 A 
Pulsed drain current, each output, all outputs on, ID (see Note 1) 
15 A 
Continuous drain current, each output, all outputs on 
7.5 A 
Single-pulse avalanche energy, EAS (see Figure 4) 
120 mJ 
Continuous power dissipation at (or below) TA = 25°C (see Note 2) 
2 W 
Continuous power dissipation at (or below) TC = 75°C, all outputs on (see Note 2) 
31 W 
Operating virtual junction temperature range, TJ 
-40°C to 150°C 
Operating case temperature range, TC 
-40°C to 125°C 
Storage temperature range, Tstg 
-40°C to 125°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


NOTES: 
1. 
Pulse duration = 10 ms, duty cycle = 6% 


2. 
For operation above 25°C free-air temperature, derate linearly althe rate of 16 mW/oC. For operation above 75°C case temperature, 
and with all outputs conducting, 
derate linearly at the rate of 0.42 W/oC. To avoid exceeding the design maximum virtual junction 
temperature, 
these ratings should not be exceEOded. 
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date. 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VIBRlDS 
Orain-source breakdown voltage 
10=1~, 
VGS = 0 
60 
V 


VTGS 
Gate-source 
threshold voltage 
10=1 
mA, 
VOS = VGS 
1.2 
1.75 
2.4 
V 


VOS(on) 
Orain-source on-state voltage 
10 =7.5A, 
VGS=15V, 
See Notes 3 and 4 
0.68 
0.94 
V 


ITC = 25°C 
0.07 
1 
VOSS 
Zero-gate-voltage 
drain current 
VOS =48V, 
VOS=O 
ITC = 125°C 
1.3 
10 
IlA 


IGSSF 
Forward gate current, drain short 
VGS=20V, 
VOS=O 
10 
100 
nA 
circuited to source 


IGSSR 
Reverse gate current, drain short 
VGS =-20V, 
VOS =0 
10 
100 
nA 
circuited to source 


Static drain-source 
on-state 
VGS=15V, 
10 = 7.5 A, 
ITC = 25°C 
0.09 
0.125 
rOS{on) 
Q 
resistance 
See Notes 3 and 4 and Figures 5 and 6 
ITC = 125°C 
0.15 
0.21 


9fs 
Forward transconductance 
VOS= 
15 V, 
10=5A, 
See Notes 3 and 4 
2.5 
4.7 
S 


Ciss 
Short-circuit 
input capacitance, 
490 
common source 


Coss 
Short-circuit 
output capacitance, 
VOS =25 V, 
VGS=O, 
f = 300 kHz 
285 
pF 
common source 


Crss 
Short-circuit 
reverse transfer 
90 
capacitance, 
common source 


NOTES: 
3. 
Technique should limit TJ - TC to 1Q°C maximum. 


4. 
These parameters are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VSO 
Forward on voltage 
IS = 7.5 A, 
VGS =0, 
0.8 
1.3 
V 


trr 
Reverse-recovery 
time 
di/dt = 100 A/IlS, 
VOS = 48 V, 
200 
ns 


ORR 
Total source-drain 
diode charge 
See Figure 1 
1.5 
IlC 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


!d(on) 
Turn-on delay time 
12 


tr 
Rise time 
VOO =25V, 
RL = 6.7 Q, 
ten = 10 ns, 
43 
ns 
td(off) 
Turn-off delay time 
tdis = 10 ns, 
See Figure 2 
100 


tf 
Fall time 
5 


Og 
Total gate charge 
13.6 
18 


Ogs 
Gate-source 
charge 
VOO =48 V, 
10 =2.5A, 
VGS = 15, 
8.3 
11 
nC 
See Figure 3 


°gd 
Gate-drain charge 
5.3 
7 


LO 
Internal drain inductance 
7 


LS 
Internal source inductance 
nH 
7 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


ReJA 
Junction-to-ambient 
thermal resistance 
All outputs with equal power 
62.5 
°cm 


ReJC 
Junction-to-case 
thermal resistance 
All outputs with equal power 
2.4 
°cm 


One output dissipating power 
3.3 
°cm 
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NOTES: 
A. 
The pulse generator has the following characteristics: 
tr,; 
10 ns, tf'; 
10 ns, Zo = 50 Q. 


B. 
Input pulse duration (tw) is increased until peak current IAS = 7.5 A. 
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• 
Low 
rOS(on) ... 
0.26 Q Typ 
• 
High Voltage Output ... 60 V 
• 
Extended ESD Capability ... 
4000 V 


• 
Pulsed Current ... 8 A Per Channel 


• 
Fast Commutation Speed 


o PACKAGE 
(TOP VIEW) 
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The 
TPIC5203 
is 
a 
monolithic 
gate-protected 
power 
OMOS 
array 
that 
consists 
of 
two 
independent 
electrically 
isolated 
N-channel 
enhancemenFmode 
OMOS transistors. 
Each transistor 
features 
integrated 
high-current 
zener diodes 
(ZCXa and ZCXb) to prevent 
gate damage 
in the event that an overstress 
condition 
occurs. 
These 
zener 
diodes 
also provide 
up to 4000 
V of ESO protection 
when 
tested 
using the 
human-body 
model 
of a 1OO-pF capacitor 
in series with a 1.5-kQ resistor. 


The TPIC5203 
is offered 
in a standard 
eight-pin 
small-outline 
surface-mount 
(0) package 
and is characterized 
for operation 
over the case temperature 
range of -40°C 
to 125°C. 
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PRODUCTION DATA Information 
Is current 
a. 
of publication 
date. 
Products 
confonn 
to specifleations 
per the terms 
of Texas 
Instruments 
standard 
warranty. 
Production 
processing 
don not necessarlty 
include 
testing 
of all parameters. 
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absolute 
maximum 
ratings over operating 
case temperature 
range (unless otherwise 
noted)t 


Drain-to-source voltage, VDS 
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
60 V 
Source-to-GND voltage (01, 02) 
100 V 
Drain-to-GND voltage (01, 02) 
100 V 
Gate-to-source voltage range, VGS 
-9 V to 18 V 
Continuous drain current, each output, TC = 25°C 
.1.6A 
Continuous source-to-drain diode current, TC = 25°C 
1.6 A 
Pulsed drain current, each output, Imax,TC = 25°C (see Note 1 and Figure 15) 
8 A 
Continuous gate-to-source zener diode current, TC = 25°C 
±50 mA 
Pulsed gate-to-source zener-diode current, TC = 25°C 
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
±500 mA 
Single-pulse avalanche energy, EAS, TC = 25°C (see Figures 4, 15, and 16) 
21.6 mJ 
Continuous total dissipation, TC = 25°C (see Figure 15) 
962 mW 
Operating virtual junction temperature range, TJ 
-40°C 
to 150°C 
Operating case temperature range, TC 
-40°C 
to 125°C 
Storage temperature range, TSt9 
-65°C 
to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
NOTE 1: 
Pulse duration = 10 ms, duty cycle = 2% 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VIBRlDSX 
Drain-to-source 
breakdown voltage 
ID = 250 1lA, 
VGS = 0 
60 
V 


VGS(th) 
Gate-to-source 
threshold voltage 
ID=1 
mA, 
VDS =VGS, 
1.5 
2.05 
2.2 
V 
See Figure 5 


V(BRlGS 
Gate-to-source 
breakdown voltage 
IGS = 250 IlA 
18 
V 


VrBRlSG 
Source-to-gate 
breakdown voltage 
ISG = 250 IlA 
9 
V 


V(BR) 
Reverse drain-to-GND 
breakdown voltage (across 
Drain-to-GND 
current = 250 IlA 
100 
V 
D1, D2) 


VDS(on) 
Drain-to-source 
on-state voltage 
ID= 1.6A, 
VGS=10V, 
0.42 
0.5 
V 
See Notes 2 and 3 


IS= 1.6A, 


VF(SD) 
Forward on-state voltage, source-to-drain 
VGS = 0 (Z1, Z2), 
1 
1.2 
V 
See Notes 2 and 3 and Figure 12 


VF 
Forward on-state voltage, GND-to-drain 
ID = 1.6 A (D1, D2), 
5 
V 
See Notes 2 and 3 


VDS=48 
V, 
TC = 25°C 
0.05 
1 
IDSS 
Zero-gate-voltage 
drain current 
VGS = 0 
TC = 125°C 
0.5 
10 
IlA 


IGSSF 
Forward-gate 
current, drain short circuited to 
VGS=15V, 
VDS =0 
20 
200 
nA 
source 


IGSSR 
Reverse-gate 
current, drain short circuited to 
VSG = 5 V, 
VDS =0 
10 
100 
nA 
source 


TC = 25°C 
0.05 
1 
Ilkg 
Leakage current, drain-to-GND 
VDGND=48 
V 
TC = 125°C 
0.5 
10 
IlA 


VGS=10V, 
TC = 25°C 
0.26 
0.31 


rDS(on) 
Static drain-to-source 
on-state resistance 
ID= 
1.6A, 
Q 
See Notes 2 and 3 
and Figures 6 and 7 
TC= 
125°C 
0.41 
0.45 


9fs 
Forward transconductance 
VDS= 
15 V, 
ID = 800 mA, 
1.5 
1.83 
S 
See Notes 2 and 3 and Figure 9 


Ciss 
Short-circuit 
input capacitance, 
common source 
150 
275 


Coss 
Short-circuit 
output capacitance, 
common source 
VDS=25 
V, 
VGS = 0, 
100 
150 
pF 
Short-circuit 
reverse transfer capacitance, 
common 
f= 
1 MHz, 
See Figure 11 
Crss 
40 
125 
source 


NOTES: 
2. 
Technique should limit TJ - TC to 1Q°C maximum. 
3. 
These parameters are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Z1 and Z2 
50 
trr 
Reverse-recovery 
time 
IS =800 
mA, 
VDS =48 V, 
ns 
D1 and D2 
265 
VGS=O, 
di/dt = 100 AI~s, 
Z1 and Z2 
63 
°RR 
Total diode charge 
See Figures 1 and 14 
nC 
D1 and D2 
1240 


"!I} 
TEXAS 


INSTRUMENTS 


TPIC5203 
2·CHANNEL INDEPENDENT GATE·PROTECTED 
POWER DMOS ARRAY 
SLlS040 
- SEPTEMBER 
1994 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


td(on) 
Turn-on delay time 
25 
50 


tdloffl 
Turn-off delay time 
VOO =25 V, 
RL = 30 n, 
ten = 10 ns, 
27 
50 
ns 
tr 
Rise time 
tdis = 10 ns, 
See Figure 2 
15 
30 


tf 
Fall time 
7 
15 


Og 
Total gate charge 
4.7 
5.9 


Ogs(th) 
Threshold gate-to-source 
charge 
VOS=48 
V, 
10=0.8A, 
VGS= 
10V, 
0.5 
0.6 
nC 
See Figure 3 
0gd 
Gate-to-drain 
charge 
1.9 
2.4 


LO 
Intemal drain inductance 
5 
nH 
LS 
Internal source inductance 
5 


Ra 
Internal gate resistance 
0.25 
Q 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


RaJA 
Junction-to-ambientthermal 
resistance 
See Notes 4 and 7 
130 


RaJS 
Junction-to-board 
thermal resistance 
See Notes 5 and 7 
79 
°C/W 


RaJP 
Junction-to-pin 
thermal resistance 
See Notes 6 and 7 
34 


NOTES: 
4. 
Package mounted on an FR4 printed-circuit 
board with no heatsink 
5. 
Package mounted on a 24 inch2, 4-layer FR4 printed-circuit 
board 
6. 
Package mounted in intimate contact with infinite heatsink 
7. 
All outputs with equal power 
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NOTES: 
A. 
The pulse generator has the following characteristics: 
tr S 10 ns, tf S 10 ns, Zo = 50 Q. 
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Input pulse duration (twl is increased until peak current IAS = 8 A. 
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See Figure 4 
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VDS - Drain-to-Source 
Voltage - V 


t Less than 2% duty cycle 
i Device mounted in intimate contact with infinite heatsink. 
§ Device mounted on FR4 printed circuit board with no heatsink. 
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tw - Pulse Duration - s 


t Device mounted on 24 in2, 4-layer FR4 printed-circuit 
board with no heatsink 


NOTE A. 
ZeJB(t) = r(t)RaJB 
tw = pulse duration 
Ie = cycle time 
d = duty cycle = tw/le 
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• 
Low 
rOS(on) ... 
0.38 Q Typ 
• 
Voltage Output ... 60 V 
• 
Input Protection Circuitry ... 
18 V 
• 
Pulsed Current ... 3 A Per Channel 
• 
Extended ESD Capability ... 
4000 V 


• 
Direct Logic-Level Interface 


DPACKAGE 
(TOP VIEW) 


GND 
SOURCE1 
GATE2 
DRAIN2 


• 
1 
8 


2 
7 


3 
6 


4 
5 


DRAIN1 
GATE1 
SOURCE2 
NC 


description 


The TPIC5223L 
is a monolithic 
gate-protected 
logic-level 
power 
DMOS 
array that consists 
of two electrically 
isolated 
independent 
N-channel 
enhancement-mode 
DMOS 
transistors. 
Each transistor 
features 
integrated 
high-current 
zener diodes 
(ZCXa and ZCXb) to prevent 
gate damage 
in the event that an overstress 
condition 
occurs. 
These 
zener diodes 
also provide 
up to 4000 V of ESD protection 
when tested 
using the human-body 
model 
of a 1OO-pF capacitor 
in series with a 1.5-kQ resistor. 


The TPIC5223L 
is offered in a standard 
eight-pin 
small-outline 
surface-mount 
(D) package 
and is characterized 
for operation 
over the case temperature 
of -40°C 
to 125°C. 


7 
GATE1 


ZC1b 


2 


SOURCE1 


1 


GND 


6 


SOURCE2 


PRODUCTION DATA Information 
Is current 
IS of publtcation 
date. 


Products 
confonn 
to speclfic8tions 
per the terms 
of Texas 
Instruments 
standard 
warranty. 
ProducUon 
processing 
does 
not necessarily 
include 


testing of all parameters. 
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absolute 
maximum 
ratings over operating 
case temperature 
range (unless otherwise 
noted)t 


Drain-to-source 
voltage, 
VDS 
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
60 V 


Source-to-GND 
voltage 
100 V 
Drain-to-GND 
voltage 
100 V 


Gate-to-source 
voltage 
range, VGS 
-9 
V to 18 V 


Continuous 
drain current, 
each output, 
TC = 25°C 
1 A 


Continuous 
source-to-drain 
diode current, 
TC = 25°C 
1 A 


Pulsed 
drain current, 
each output, 
Imax, TC = 25°C (see Note 1 and Figure 
15) 
3 A 


Continuous 
gate-to-source 
zener diode current, 
TC = 25°C 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
±50 
mA 
Pulsed 
gate-to-source 
zener-diode 
current, 
TC = 25°C 
. . . . . . . . . . . . . . . . . . . . . . . . . . .. 
±500 
mA 
Single-pulse 
avalanche 
energy, 
EAS' TC = 25°C (see Figures 
4 and 16) 
108 mJ 
Continuous 
total power 
dissipation, 
TC = 25°C (see Figure 
15) 
0.95 W 
Operating 
virtual junction 
temperature 
range, TJ 
-40°C 
to 150°C 


Operating 
case temperature 
range, TC 
-40°C 
to 125°C 
Storage 
temperature 
range, Tstg 
-65°C 
to 150°C 


Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under"absolute 
maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 


functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 


implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 


NOTE 1: 
Pulse duration = 10 ms, duty cycle = 2% 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


V(BR)OSX 
Orain-to-source 
breakdown voltage 
10 = 250 llA, 
VGS = 0 
60 
V 


VGS(th) 
Gate-to-source 
threshold voltage 
10=1 
mA, 
VOS=VGS, 
1.5 
2.05 
2.2 
V 
See Figure 5 


V(BR)GS 
Gate-to-source 
breakdown voltage 
IGS = 250 llA 
18 
V 


V(BRlSG 
Source-to-gate 
breakdown voltage 
ISG = 250 llA 
9 
V 


V(BR) 
Reverse drain-to-GNO 
breakdown voltage (across 
Orain-to-GNO current = 250 llA 
100 
V 
01,02) 


VOS(on) 
Orain-to-source 
on-state voltage 
10= 1 A, 
VGS=5V, 
0.375 
0.425 
V 
See Notes 2 and 3 


IS= 1 A, 


VF(SO) 
Forward on-state voltage, source-to-drain 
VGS = 0 (Zl, Z2), 
0.85 
1.2 
V 
See Notes 2 and 3 and Figure 12 


VF 
Forward on-state voltage, GNO-to-drain 
10 = 1 A (01,02), 
3 
V 
See Notes 2 and 3 


VOS =48 
V, 
ITC = 25°C 
0.05 
1 
lOSS 
Zero-gate-voltage 
drain current 
VGS = 0 
ITC = 125°C 
0.5 
10 
llA 


IGSSF 
Forward-gate 
current, drain short circuited to 
VGS=15V, 
VOS=O 
20 
200 
nA 
source 


IGSSR 
Reverse-gate 
current, drain short circuited to 
VSG = 5 V, 
VOS=O 
10 
100 
nA 
source 


TC = 25°C 
0.05 
1 
Ilkg 
Leakage current, drain-to-GNO 
VOGNO=48V 
TC= 
125°C 
0.5 
10 
llA 


VGS = 5 V, 
TC = 25°C 
0.38 
0.43 


rOS(on) 
Static drain-to-source 
on-state resistance 
10= 1 A, 
n 
See Notes 2 and 3 
and Figures 6 and 7 
TC= 
125°C 
0.61 
0.65 


9fs 
Forward transconductance 
VOS= 
15 V, 
10 = 500 mA, 
1.2 
1.49 
S 
See Notes 2 and 3 and Figure 9 


Ciss 
Short-circuit 
input capacitance, 
common source 
150 
190 


Coss 
Short-circuit 
output capacitance, 
common source 
VOS=25 
V, 
VGS =0, 
100 
125 
pF 
Short-circuit 
reverse transfer capacitance, 
f= 1 MHz, 
See Figure 11 
Crss 
common source 
40 
50 


NOTES: 
2. 
Technique should limit TJ - TC to 1Q°C maximum. 


3. 
These parameters 
are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Zl and Z2 
50 
trr 
Reverse-recovery 
time 
IS = 500 mA, 
VOS =48 V, 
ns 
01 and 02 
210 
VGS =0, 
di/dt = 100 NILS, 


Zl and Z2 
50 
°RR 
Total diode charge 
See Figures 1 and 14 
nC 
01 and 02 
800 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


'<lIon) 
Turn-on delay time 
34 
70 


tdloff) 
Turn-off delay time 
VOO=25 
V, 
RL = 50 Q, 
tr1 = 10 ns, 
20 
40 
ns 
tr1 
Rise time 
tf1 = 10 ns, 
See Figure 2 
28 
55 


tf2 
Fall time 
15 
30 


Og 
Total gate charge 
3.1 
3.8 


Ogs(th) 
Threshold gate-to-source 
charge 
VOS=48 
V, 
10 = 500 mA, 
VGS=5V, 
0.5 
0.6 
nC 
See Figure 3 
Qgd 
Gate-to-drain 
charge 
1.9 
2.3 


LO 
Internal drain inductance 
5 
nH 
LS 
Internal source inductance 
5 


Rq 
Internal gate resistance 
0.25 
n 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


RSJA 
Junction-to-ambient 
thermal resistance 
See Notes 4 and 7 
130 


RSJS 
Junction-to-board 
thermal resistance 
See Notes 5 and 7 
78.6 
°CM! 


RSJP 
Junction-to-pin 
thermal resistance 
See Notes 6 and 7 
34 


NOTES: 
4. 
Package mounted on an FR4 printed-circuit 
board with no heatsink. 


5. 
Package mounted on a 24 in2, 4-layer FR4 printed-circuit 
board. 


6. 
Package mounted in intimate contact with infinite heatsink. 


7. 
All outputs with equal power 
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t IRM = maximum recovery current 


:j: The above waveform is representative 
of 01 and 02 in shape only. 
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(see Note A) 
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VOLTAGE WAVEFORMS 
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NOTE A: 
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Pulse Generator 
(see Note A) 
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NOTES: 
A. 
The pulse generator has the fallowing characteristics: 
tr S 10 ns, tf S 10 ns, Zo = 50 n. 


B. 
Input pulse duration (tw) is increased until peak current IAS = 3 A. 


IAS 
x 
V(BR)DSX 
x 
tav 
Energy test level is defined as EAS 
= 
2 
= 108 mJ, 
where tav 
= avalanche 
time. 
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MAXIMUM DRAIN CURRENT 
vs 
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DC Conditions 
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VDS - Drain-to-Source 
Voltage - V 


t Less than 2% duty cycle 
:I:Device mounted in intimate contact with infinite heatsink. 
§ Device mounted on FR4 printed-circuit 
board with no heatsink. 
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tw - Pulse Duration - s 
t Device mounted on 24 in2, 4-layer FR4 printed-circuit 
board with no heatsink. 


NOTE A: 
Zas(t) = r(t) RaJS 
tw 
= pulse duration 
tc 
= cycle time 


d = duty cycle = twltc 
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• 
Low rOS(on) ... 
0.3 Q Typ 
• 
High-Voltage 
Outputs ... 
60 V 


• 
Pulsed Current ... 
7 A Per Channel 


• 
Fast Commutation 
Speed 


o PACKAGE 
(TOP VIEW) 


description 


The TPIC5302 
is a monolithic 
power DMOS array 
that 
consists 
of 
three 
electrically 
isolated 
independent 
N-channel 
enhancement-mode 
DMOS 
transistors. 
The TPIC5302 
is offered 
in a 
standard 
16-pin 
small-outline 
surface-mount 
(D) 
package. 


The TPIC5302 
is characterized 
for operation 
over 
the case temperature 
range of -40°C 
to 125°C. 


GND 
SOURCE1 
SOURCE1 
SOURCE2 
SOURCE2 
SOURCE3 
SOURCE3 
GATE3 


•1 
16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


7 
10 


8 
9 


DRAIN1 
DRAIN1 
GATE1 
DRAIN2 
DRAIN2 
GATE2 
DRAIN3 
DRAIN3 


ORAIN1 
GATE2 
ORAIN2 
GATE3 
ORAIN3 


15,16 L 


12,13 ~L 


9,10 


01 
01 
02 
03 


GATE1~ 
Z1 
Z2 
Z3 


2,3 
SOURCE1 
4,5 
SOURCE2 


6, 7 
SOURCE3 


absolute maximum ratings over operating case temperature range (unless otherwise noted)t 


Drain-to-source 
voltage, 
VDS 
60 V 
Source-to-GND 
voltage 
100 V 
Drain-to-GND 
voltage 
100 V 
Gate-to-source 
voltage, 
VGS 
±20 
V 
Continuous 
drain current, 
each output, 
all outputs 
on, TC = 25°C 
1.4 A 
Continuous 
source-to-drain 
diode current 
1.4 A 
Pulsed 
drain current, 
each output, 
TC = 25°C (see Note 1 and Figure 
6) 
7 A 
Single-pulse 
avalanche 
energy, 
EAS, Tc = 25°C (see Figure 4) 
10.5 mJ 
Continuous 
total power 
dissipation 
at (or below) 
TC = 25°C 
1087 mW 
Operating 
virtual junction 
temperature 
range, TJ 
-40°C 
to 150°C 
Operating 
case temperature 
range, TC 
-40°C 
to 125°C 
Storage 
temperature 
range, Tstg 
-65°C 
to 150°C 
Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 
NOTE 1: 
Pulse duration = 10 ms and duty cycle = 2% 


~~~~T~~~o~~1: 
sr:r~~~~~sl~~~~:~;r~~ 
g;,e~~~~~~~~m~~~ 
standard warranty. Production processing does not necessarily Include 
testing 
of all parameters. 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VCBRlDSX 
orain-to-source 
breakdown voltage 
10 = 250 ~A, 
VGS = 0 
60 
V 


VGSCth) 
Gate-to-source 
threshold voltage 
10=1 
mA, 
VoS = VGS 
1.5 
1.85 
2.2 
V 


V(BR) 
Reverse drain-to-GNo 
breakdown voltage (across 
orain-to-GNo 
current = 250 ~A 
100 
V 
01, 02, and 03) 


VDS(on) 
orain-to-source 
on-state voltage 
10 = 1.4 A, 
VGS= 
10V, 
0.42 
0.49 
V 
See Notes 2 and 3 


IS = 1.4 A, 


VF(So) 
Forward on-state voltage, source-to-drain 
VGS = 0 (Zl, Z2, Z3), 
0.9 
1.1 
V 
See Notes 2 and 3 


VF 
Forward on-state voltage, GNo-to-drain 
10=1.4A 
4.8 
V 


VoS = 48 V, 
ITC = 25°C 
0.05 
1 
lOSS 
Zero-gate-voltage 
drain current 
VGS =0 
ITC = 125°C 
0.5 
10 
~ 


IGSSF 
Forward gate current, drain short circuited to source 
VGS=16V, 
VoS = 0 
10 
100 
nA 


IGSSR 
Reverse gate current, drain short circuited to source 
VSG=16V, 
VoS = 0 
10 
100 
nA 


TC = 25°C 
0.05 
1 
Ilkg 
Leakage current, drain-to-GNo 
VR = 48 V 
TC = 125°C 
0.5 
10 
~ 


VGS=10V, 
TC = 25°C 
0.3 
0.35 


roS(on) 
Static drain-to-source 
on-state resistance 
10 = l.4A, 
Q 
See Notes 2 and 3 
and Figures 6 and 7 
TC = 125°C 
0.41 
0.5 


9fs 
Forward transconductance 
VoS = 10V, 
10=0.7A, 
1.15 
1.41 
S 
See Notes 2 and 3 


Ciss 
Short-circuit 
input capacitance, 
common source 
135 
170 


Coss 
Short-circuit 
output capacitance, 
common source 
VoS = 25 V, 
VGS = 0, 
80 
100 
pF 
Short-circuit 
reverse-transfer 
capacitance, 
f= 
1 MHz 
Crss 
common source 
30 
40 


NOTES: 
2. 
Technique should limitTJ 
- TC to 10°C maximum and pulse duration,,5 
ms. 
3. 
These parameters are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


trr(So) 
Reverse-recovery 
time 
IS =0.5A, 
VGS=O, 
VoS= 
48 V, 
35 
ns 


QRR 
Total diode charge 
di/dt = 100 A/~s, 
See Figure 1 
0.04 
~C 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


trr 
Reverse-recovery 
time 
IF = 0.5 A, 
VoS =48 V, 
130 
ns 


QRR 
Total diode charge 
dildt = 100 A/~s, 
See Figure 1 
0.4 
~C 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tdlon) 
Turn-on delay time 
23 
46 


tdloff) 
Turn-off delay time 
VOO; 
25 V, 
Rt:.; 
50 Q, 
tr1 ; 10 ns, 
25 
50 
ns 
tr2 
Rise time 
tf1 ; 10 ns, 
See Figure 2 
5 
10 


tf2 
Fall time 
17 
34 


Og 
Total gate charge 
8 
9.8 


Ogs(th) 
Threshold gate-to-source 
charge 
VOS;48 
V, 
10 ;0.5A, 
VGS;10V, 
0.5 
0.63 
nG 
See Figure 3 
0gd 
Gate-to-drain 
charge 
1.5 
1.85 


LO 
Internal drain inductance 
5 


nH 


LS 
Internal source inductance 
5 


Rg 
Internal gate resistance 
0.25 
n 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


R8JA 
Junction-to-ambientthermal 
resistance 
115 
All outputs with equal power, 
See Note 4 
°G/W 
RSJP 
Junction-to-pin 
thermal resistance 
32 


<I: 


I 
E 
~ 
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U•• -0.5-· 
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CL = 30 pF 
(see Note A) 


Pulse Generator 
r-----' 
I 
I 
IIRgen 
IJL 
I 
I 
IL 
.J 


TEST CIRCUIT 


NOTE A: 
CL includes probe and jig capacitance. 


VOS 


Same Type 
12-V 
- 
0.2 ~F 
50kQ 
as OUT 
Battery 
10 V 


VOO -=- 


VGS 
j 
OUT 
OvJLf 


IG Current- 
7 
10 Current- 
Sampling 
Resistor 
Sampling 
Resistor 


TEST CIRCUIT 


Qgs = Qg-Qgd 


VOLTAGE WAVEFORM 
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Pulse Generator 


(see Note A) 
r------, 
I 
son I 
II Rgen 
I 
I n 
I 
I 
I 
II 
I 
L 
.J 


~ 
tav 
tw 
~ 
I 


t-t--- 
1SV 


- 
I 
OV 
--1--- 
IAS 


I 
I 
(see Note B) 
I 
I 


I 
OV 


----- 
OV 


VOLTAGE AND CURRENT WAVEFORMS 


NOTES: 
A. 
The pulse generator has the following characteristics: 
tr 5 10 ns, tf 5 10 ns, Zo = 50 n. 


B. 
Input pulse duration (tw) is increased until peak currentlAS 
= 7 A, where tav = avalanche time. 


IAS 
x 
V(BR)DSX 
x 
tav 
Energy test level is defined 
as EAS = 
2 
= 
10.5 mJ 


GATE-TO-SOURCE 
THRESHOLD VOLTAGE 
vs 
JUNCTION TEMPERATURE 


> 
2.S 
I 
••'"l!! 
~ 
"o 
J: 
~ 
J:... 
•• 
l::! 
"o 
1 
~ 
I 


o 
-~-~ 
0 
~ 
~ 
~ 
~ 
1001~1~1~ 


TJ - Junction 
Temperature 
- °C 


STATIC DRAIN-TO-SOURCE 
ON-STATE RESISTANCE 
vs 
JUNCTION TEMPERATURE 


o 
-~-~ 
0 
~ 
~ 
~ 
~ 
1001~1~1~ 


TJ - Junction 
Temperature 
- °C 
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STATIC DRAIN-TO-SOURCE 
ON-STATE RESISTANCE 
vs 
DRAIN CURRENT 


TJ = 25°C 


VGS = 10V 


·1111 


"' 
VGS=15V 


0.1 


10 - Drain Current 
- A 


DISTRIBUTION OF 
FORWARD TRANSCONDUCTANCE 


I 
I 
I 
I 
I 
I- 
Total Number 
of Units = 819 
TJ = 25°C 


,-- 
- - 


- 
- 
,-- 


;!. 
I 
0.35 
~ 
'2 
0.3 
::;) 
'0 
0.25 
••E 
l: 
0.2 
••l! 
~ 
0.15 


0.1 


DRAIN CURRENT 
vs 
DRAIN-TO-SOURCE 
VOLTAGE 


« 
I 


~ 
3 
::J 
() 
l:.~ 
o 
2 
Io 


VGS = 3 V 


0 
0 
2 
3 
4 
5 
6 
7 
8 
9 
10 


VOS - Oraln-to-Source 
Voltage - V 


Figure 8 


DRAIN CURRENT 
vs 
GATE-TO-SOURCE 
VOLTAGE 


5 


4.5 


4 
« 
3.5 
I 
'E 
3 
~ 
::J 
() 
2.5 
l:.~ 
2 
0 
I 
_0 
1.5 


0.5 


0 
0 
2 
3 
4 
5 
6 
7 
8 
9 
10 


VGS - Gate-to-Source 
Voltage 
- V 


Figure 10 


~TEXAS 
INSTRUMENTS 


TPIC5302 
3-CHANNEL INDEPENDENT POWER DMOS ARRAY 


CAPACITANCE 
vs 
DRAIN-TO-SOURCE 
VOLTAGE 


250 


225 


200 


... 
175 
Q. 
I., 
150 
"c:! 
125 
·u 
co 
Q. 
100 
co0 
I 
75 
0 


50 


25 


10 


c( 
I 
C 
~ 
::>0., 
"t>0 
is 
c 
"i!c 
~ 
0.1 
!! 
::>0 
III 
C 
!!! 


0.01 


0.1 


f = 1 MHz 
TJ = 25°C 


,\ r- 
Ciss 
\ ..••...••r-- 
Coss 


....•.- 


Crss 


o 
o 
4 
8 
12 
16 
20 
24 
28 
32 
36 
40 


VDS - Drain-to-Source 
Voltage - V 


DRAIN-TO-SOURCE 
VOLTAGE AND 
GATE-TO-SOURCE 
VOLTAGE 
vs 
GATE CHARGE 


IS=0.7A 


70 
TJ = 25°C 
14 
> 
See Figure 3 
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0 
0 
0 
0.5 
1.5 
2 
2.5 
3 
3.5 
4 
4.5 
5 


Qg - Gate Charge - nC 


Figure 13 


SOURCE-TO-DRAIN 
DIODE CURRENT 
vs 
SOURCE-TO·DRAIN 
VOLTAGE 


TJ = -40°C 


I 
I 


TJ = 25°C 


TJ = 75°C 


1 


VSD - Source-to-Drain 
Voltage - V 


REVERSE-RECOVERY 
TIME 
vs 
REVERSE di/dt 


IS = 0.7 A 
TJ = 25°C 
See Figure 
1 
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MAXIMUM DRAIN CURRENT 
vs 
DRAIN-TO-SOURCE 
VOLTAGE 


j 


/ 
10mst 
IX 
l'll 


I lilt 
K 
1 ms 
/ 


1111 
500'~st 


/ 
T 


\. 


DC Conditions 
~ 


0.1 
0.1 
1 
10 
VDS - Drain-ta-Source Voltage - V 
t Less than 0.1 duty cycle 
Figure 
15 


MAXIMUM PEAK-AVALANCHE CURRENT 
vs 
TIME DURATION OF AVALANCHE 


See Fig~'~~4 l- 
- 
~r- 
- 
~1- 
- 
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- 
\. 
- 


~ 
- 


TC = 25°C 


TC = 1250C\ 
- 


\ 
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-.;; 
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\ 
0.01 
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tav - TIme Duration of Avalanche - ms 
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D PACKAGEt 
NORMALIZED JUNCTION- TO-AMBIENT 
THERMAL RESISTANCE 
vs 
PULSE DURATION 


DC Conditions 
= d =0.5 


_d 
0.2 
~ 
- 
d =0.1 
I.- 


~~ 
=d 
0.05 


- 
d 
0.02 
--- 
-~ 
~ 


..•..•. 


- 
d = 0.01 
•.... 
-I 


Single Pulse 


~/ 


tw-.r-~1 
---fL.JL 
10 


0 


I 


tw - Pulse Duration - s 


t Device mounted on FR4 printed-circuit 
board with no heat sink 


NOTE A: 
ZSA(t); 
r(t) RSJA 
tw; 
pulse duration 
Ie ; cycle time 
d ; duty cycle; 
twltc 
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• 
Low 
rOS(on) ... 
0.4 Q Typ 
• 
High Voltage Output ... 
60 V 


• 
Extended ESD Capability 
... 
4000 V 


• 
Pulsed Current ... 
5 A Per Channel 


• 
Fast Commutation 
Speed 


o PACKAGE 
(TOP VIEW) 


The 
TPIC5303 
is 
a 
monolithic 
gate-protected 
power 
OMOS 
array 
that 
consists 
of 
three 
independent 
electrically 
isolated 
N-channel 
enhancement-mode 
OMOS 
transistors. 
Each 
transistor 
features 
integrated 
high-current 
zener 
diodes 
(ZCXa and ZCXb) to prevent 
gate damage 
in the event that an overstress 
condition 
occurs. 
These zener 


diodes 
also provide 
up to 4000 V of ESO protection 
when 
tested 
using the human-body 
model 
of a 100-pF 
capacitor 
in series with a 1.5-kQ 
resistor. 


DRAIN2 
DRAIN2 
SOURCE2 
SOURCE2 
GATE2 
DRAIN3 
DRAIN3 
GND 


•1 
16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


7 
10 


8 
9 


GATE1 
SOURCE1 
SOURCE1 
DRAIN1 
DRAIN1 
SOURCE3 
SOURCE3 
GATE3 


The TPIC5303 
is offered 
in a standard 
16-pin small-outline 
surface-mount 
(0) package 
and is characterized 
for 
operation 
over the case temperature 
range of -40°C 
to 125°C. 


schematic 


ORAINl 
GATE2 
ORAIN2 
GATE3 
ORAIN3 


12,13 
5 
1,2 
9 
6, 7 


01 
01 
02 
02 
03 
03 


GATEl 
16 
Zl 
Z2 
Z3 


ZClb 
ZC2b 
ZC3b 


ZCla 
ZC2a 
ZC3a 


14,15 
8 
3,4 
10,11 
SOURCEl 
GNO 
SOURCE2 
SOURCE3 
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absolute 
maximum 
ratings over operating 
case temperature 
range (unless 
otherwise 
noted)t 


Drain-to-source voltage, VDS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
60 V 
Source-to-GND voltage (01, 02, and 03) 
100 V 
Drain-to-GND voltage (01, 02, and 03) 
100 V 
Gate-to-source voltage range, VGS 
-9 V to 18 V 
Continuous drain current, each output, TC = 25°C 
1.4 A 
Continuous source-to-drain diode current, TC = 25°C 
1.4 A 
Pulsed drain current, each output, Imax•TC = 25°C (see Note 1 and Figure 15) 
5 A 
Continuous gate-to-source zener-diode current, TC = 25°C 
±50 mA 
Pulsed gate-to-source zener-diode current, TC = 25°C 
±500 mA 
Single-pulse avalanche energy, EAS, TC = 25°C (see Figures 4, 15, and 16) 
10.2 mJ 
Continuous total power dissipation, TC = 25°C (see Figure 15) 
1.08 W 
Operating virtual junction temperature range, TJ 
-40°C 
to 150°C 
Operating case temperature range, TC 
-40°C 
to 125°C 
Storage temperature range, Tstg 
-65°C 
to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 
t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 


implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 


NOTE 1: 
Pulse duration = 10 ms, duty cycle = 2% 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VIBRlDSX 
orain-to-source 
breakdown voltage 
10 = 250 !LA, 
VGS =0 
60 
V 


VGS(th) 
Gate-to-source 
threshold voltage 
10=1 
mA, 
VoS =VGS, 
1.5 
1.8 
2.2 
V 
See Figure 5 


VIBR1GS 
Gate-to-source 
breakdown voltage 
IGS=250~A 
18 
V 


V(SR1SG 
Source-to-gate 
breakdown voltage 
ISG =250~A 
9 
V 


V(SR) 
Reverse drain-to-GNo 
breakdown voltage (across 
orain-to-GNo 
current = 250 !LA 
100 
V 
01,02,03) 


VoS(on) 
orain-to-source 
on-state voltage 
10 = 1.4 A, 
VGS=10V, 
0.56 
0.64 
V 
See Notes 2 and 3 


IS = 1.4 A, 


VF(So) 
Forward on-state voltage, source-to-drain 
VGS = 0 (Z1, Z2, Z3), 
0.9 
1.1 
V 
See Notes 2 and 3 and Figure 12 


VF 
Forward on-state voltage, GNo-to-drain 
10 = 1.4 A (01, 02, 03), 
5 
V 
See Notes 2 and 3 


VoS =48V, 
TC = 25°C 
0.05 
1 
lOSS 
Zero-gate-voltage 
drain current 
VGS = 0 
TC = 125°C 
0.5 
10 
!LA 


IGSSF 
Forward-gate 
current, drain short circuited to 
VGS=15V, 
VoS = 0 
20 
200 
nA 
source 


IGSSR 
Reverse-gate 
current, drain short circuited to 
VSG=5V, 
VoS=O 
10 
100 
nA 
source 


TC = 25°C 
0.05 
1 
Ilkg 
Leakage current, drain-to-GNo 
VoGNo 
=48V 
TC = 125°C 
0.5 
10 
!LA 


VGS= 
10V, 
TC = 25°C 
0.4 
0.46 


rOS(on) 
Static drain-to-source 
on-state resistance 
10 = 1.4 A, 
n 
See Notes 2 and 3 
and Figures 6 and 7 
TC = 125°C 
0.62 
0.66 


9fs 
Forward transconductance 
VoS=15V, 
10=0.7 
A, 
1 
1.19 
S 
See Notes 2 and 3 and Figure 9 


Ciss 
Short-circuit 
input capacitance, 
common source 
107 
137 


Coss 
Short-circuit 
output capacitance, 
common source 
VoS =25 V, 
VGS = 0, 
71 
89 
pF 
Short-circuit 
reverse transler capacitance, 
common 
1= 1 MHz, 
See Figure 11 
Crss 
22 
28 
source 


NOTES: 
2. 
Technique should limit TJ - TC to 1Q°C maximum. 


3. 
These parameters are measured with voltage-sensing 
contacts separate Irom the current-carrying 
contacts. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Z1, Z2, and Z3 
92 
trr 
Reverse-recovery 
time 
IS = 0.7 A, 
VoS = 48 V, 
ns 
01,02, 
and 03 
244 
VGS=O, 
di/dt = 100 A/~s, 


Z1, Z2, and Z3 
0.1 
°RR 
Total diode charge 
See Figures 1 and 14 
~C 
01,02, 
and 03 
1.3 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


td(on) 
Turn-on delay time 
25 
40 


tdloft) 
Turn-oft delay time 
VOO= 25 V, 
RL= 36Q, 
tr1 = 10 ns, 
27 
40 


ns 
tr2 
Rise time 
tf1 = 10 ns, 
See Figure 2 
15 
25 


tf2 
Fall time 
7 
14 


Og 
Total gate charge 
2.1 
2.6 


Ogs(th) 
Threshold gate-to-source 
charge 
VOS =48V, 
10 = 0.7 A, 
VGS= 
10V, 
0.3 
0.38 
nC 
See Figure 3 
0gd 
Gate-to-drain 
charge 
1.2 
1.5 


LO 
Internal drain inductance 
5 
nH 
LS 
Internal source inductance 
5 


Rg 
Internal gate resistance 
0.25 
Q 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


RaJA 
Junction-to-ambient 
thermal resistance 
See Notes 4 and 7 
115 


RaJB 
Junction-to-board 
thermal resistance 
See Notes 5 and 7 
64 
°cm 


RSJP 
Junction-to-pin 
thermal resistance 
See Notes 6 and 7 
33 


NOTES: 
4. 
Package mounted on an FR4 printed-circuit 
board with no heatsink. 


5. 
Package mounted on a 24 inch2, 4-layer FR4 printed-circuit 
board. 


6. 
Package mounted in intimate contact with infinite heatsink. 
7. 
All outputs with equal power 


. "t· 


Reverse 
dildt = 100 A1lls 


I' 
thaded 
Area = QRR 
I 
.-i-. 


:1 
1, 
I 
± 
.... 1 .1.i 


I 
It. 


IRMt-~-~ 
, 


.... 
: 
..;... 
trr(SD) 


100 
200 
300 
400 
500 
600 


VDS=48 
V 


. VGS = 0 
TJ = 25°C 
.Zl, Z2, and Z3:f: 


t IRM = maximum recovery current 


:j: The above waveform is representative 
of 01, 02, and 03 in shape only. 
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CL 30 pF 
(see Note A) 


tr1 --.I ~ 
~ 
I+- tf1 
y---it 


l 
r-- 
10V 


VGS 
I 
I 
I 


I 
I 
OV 


td(on) 
1...1 
I'll 
~I 
td(off) 


I 
.1 
tf2 ---.I 
~ 
~ 
\4- tr2 


I 
I 
I I 
VOO 


VOS~! 
!~ 
~--- 
VOS(on) 


Pulse Generator 
r-----' 
I 
I 
IIRgen 
In 
I 
I 
IL 
.J 


TEST CIRCUIT 


NOTE A: 
CL includes probe and jig capacitance. 


Figure 2. Resistive-Switching 
Test Circuit and Voltage Waveforms 
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Battery 


j 
n 
IG=100 
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OV.J Ll' 


IG Current- 
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10 Current- 
Sampling 
Resistor 
Sampling 
Resistor 


TEST CIRCUIT 


~TEXAS 
INSTRUMENTS 


TPIC5303 
3-CHANNEL INDEPENDENT GATE-PROTECTED 
POWER DMOS ARRAY 
SLlS039A 
- SEPTEMBER 
1994 - REVISED 
SEPTEMBER 
1995 


Pulse Generator 
(see Note A) 
r------, 
I 
son I 
II Rgen 
I 
I n 
I 
I 
I 
II 
I 
L. 
.J 


I 
I4--+i-tav 
rtw~ 
I 
I 
t-r--- 
15V 


~ 
- 
I 
OV 
I 
1_-1--- IAS 
I~I 
I 
(see Note B) 
D 
I 
1 
I 
OV 


I 
I 
I 
. 
~ 
V:R10"'''VO'' 


VOLTAGE AND CURRENT WAVEFORMS 


NOTES: 
A. 
The pulse generator has the following characteristics: 
tr S 10 ns, tf S 10 ns, Zo = 50 n. 


B. 
Input pulse duration (tw) is increased until peak current IAS = 5 A. 


IAS 
x 
V(BR)DSX 
x 
tav 


Energy test level is defined 
as EAS = 
2 
= 
10.2 mJ, 
where 


tav = avalanche time. 


GATE-TO-SOURCE 
THRESHOLD VOLTAGE 
vs 
JUNCTION TEMPERATURE 
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STATIC DRAIN·TO-SOURCE 
ON-STATE RESISTANCE 
vs 
JUNCTION TEMPERATURE 
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STATIC DRAIN·TO-SOURCE 
ON-STATE RESISTANCE 
vs 
DRAIN CURRENT 


TJ = 25°C 


VGS=10V 
", 


", 


- 
VGS=15V 


1234567 


VGS - Gate-to-Source 
Voltage - V 


DISTRIBUTION OF 
FORWARD TRANSCONDUCTANCE 


I 
I 
I 
I 
I 
Total Number of 
Units = 2064 
VOS=15V 
IO=0.7A 
TJ = 25°C 
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CAPACITANCE 
vs 
DRAIN-TO-SOURCE 
VOLTAGE 


, 


VGS = 0 
f = 1 MHz 
TJ = 25°C 
Ciss 
@ 0 V = 160 pF 
Coss @ 0 V = 216 pF 
Crss @ 0 V = 78 pF 


\\ 
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VOS - Orain-to-Source 
Voltage - V 


DRAIN-TO-SOURCE 
VOLTAGE AND 
GATE-TO-SOURCE 
VOLTAGE 
vs 
GATE CHARGE 
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Og - Gate Charge - nC 
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SOURCE-TO-DRAIN 
DIODE CURRENT 
vs 
SOURCE-TO-DRAIN 
VOLTAGE 
= VGS-O 


I 
l TJ'''·C 


I 
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- 
I 
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- 
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- TJ =-40°C 
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Voltage - V 


REVERSE-RECOVERY 
TIME 
vs 
REVERSE dVdt 
280 


260 
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VOS =48 V 
VGS = 0 
1\ 
IS=0.7A 
\ 
TJ = 25°C 
See Figure 1 
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MAXIMUM DRAIN CURRENT 
vs 
DRAIN-TO-SOURCE 
VOLTAGE 
~l:: TC=25°C 


- 
1 ~st 
I 
"" 
/ 
\. 


- 
10 mst 
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III 
/\ 
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"\ 
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>< 
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1/ 
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DC Conditions 
I I\N 
I 
I II1III1 


VDS - Drain-to-Source 
Voltage - V 


t Less than 2% duty cycle 
t Device mounted on FR4 printed-circuit 
board with no healsink. 


§ Device mounted in intimate contact with infinite heatsink. 


Figure 15 


MAXIMUM PEAK AVALANCHE CURRENT 
vs 
TIME DURATION OF AVALANCHE 


I 
See Figure 4 


1\ 
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1\ 
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tav - Time Duration 
of Avalanche 
- ms 


Figure 16 
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D PACKAGEt 
JUNCTION-TO-BOARD 
THERMAL RESISTANCE 
vs 
PULSE DURATION 


DC Conditions 


I 
I 
...- _. 
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....•.... ; 
- 
~iI 
d =0.2 
- 
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- 
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r--r- 
.....• /.; 


d = 0.02 
:..-::::,/ 
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'" 
4- 


.....••... 
d = 0.01 
, 
V Single Pulse 
tw~r-~1 
---ILJL 
ID 


0 


II 
II1I 
II 


tw - Pulse Duration - s 
t Device mounted on 24 in2• 4-layer FR4 printed-circuit 
board with no heatsink 


NOTE A: 
Z9JB(t) = r(t) R9JB 
tw = pulse duration 
Ie = cycle time 
d = duty cycle = twllc 
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3·CHANNEL INDEPENDENT LOGIC·LEVEL 
POWER DMOS ARRAY 


• 
Low 
rOS(on) ••. 
0.45 Q Typ 
• 
High-Voltage 
Outputs ... 
60 V 


• 
Pulsed Current ... 
3 A Per Channel 


• 
Fast Commutation 
Speed 
• 
Direct Logic-Level 
Interface 


o PACKAGE 
(TOP VIEW) 


description 


The TPIC5322L 
is a monolithic 
logic-level 
power 
OMOS 
array 
that 
consists 
of three 
electrically 


isolated 
independent 
N-channel 
enhancement- 
mode OMOS transistors. 


The TPIC5322L 
is offered 
in a standard 
16-pin small-outline 
surface-mount 
(0) package 
and is characterized 
for operation 
over the case temperature 
range of -40°C 
to 125°C. 


GND 
SOURCE1 
SOURCE1 
SOURCE2 
SOURCE2 
SOURCE3 
SOURCE3 
GATE3 


• 
1 
16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


7 
10 


8 
9 


DRAIN1 
DRAIN1 
GATE1 
DRAIN2 
DRAIN2 
GATE2 
DRAIN3 
DRAIN3 


schematic 


ORAINl 
GATE2 
ORAIN2 
GATE3 
ORAIN3 


15,16 L 


12,13 D,l 


9,10 


01 
01 
02 
03 


GATE1~ 
Zl 
zi 
Z3 


1 
GNO 
4,5 
SOURCE2 


6, 7 
SOURCE3 


absolute maximum ratings over operating case temperature range (unless otherwise noted)t 


Orain-to-source 
voltage, 
VDS 
60 V 
Source-to-GNO 
voltage 
100 V 
Orain-to-GNO 
voltage 
100 V 
Gate-to-source 
voltage, 
VGS 
±20 V 
Continuous 
drain current, 
each output, 
all outputs 
on, TC = 25°C 
1 A 
Continuous 
source-to-drain 
diode current, 
TC = 25°C 
1 A 
Pulsed 
drain current, 
each output, 
'max, TC = 25°C (see Note 1 and Figure 
15) 
3 A 
Single-pulse 
avalanche 
energy, 
EAS, TC = 25°C (see Figure 4) 
40.5 mJ 
Continuous 
total power dissipation 
at (or below) TC = 25°C 
1.09 W 
Operating 
virtual junction 
temperature 
range, TJ 
-40°C 
to 150°C 
Operating 
case temperature 
range, TC 
-40°C 
to 125°C 
Storage 
temperature 
range 
,. 
-65°C 
to 150°C 
Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
260°C 
t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functionai 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
NOTE 1: 
Pulse duration = 10 ms and duty cycle = 2%. 


~~~~~:o:1: 
s~r;r~~~~si~~~:~r~~ 
~l~:~~~~~~mC:~f~ 
standard warranty. Production processing does not necessarily include 
testing 
of all parameters. 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


V(BRlDSX 
Drain-to-source 
breakdown voltage 
ID: 
250 JlA, 
VGS: 
0 
60 
V 


VGS(th) 
Gate-to-source 
threshold voltage 
ID: 
1 mA, 
VDS: 
VGS, 
1.5 
1.85 
2.2 
V 
See Figure 5 


V(BR) 


Reverse drain-to-GND 
breakdown voltage (across 
Drain-to-GND 
current: 
250 JlA 
100 
V 
D1, D2, and D3) 


VDS(on) 
Drain-to-source 
on-state voltage 
ID: 
1 A, 
VGS: 
5 V, 
0.45 
0.525 
V 
See Notes 2 and 3 


VF(SD) 
Forward on-state voltage, source-to-drain 
IS: 
1 A, 
VGS:O, 
0.85 
1 
V 
See Notes 2 and 3 and Figure 12 


VF 
Forward on-state voltage, GND-to-drain 
ID: 
1 A 
3.7 
V 


VDS :48 
V, 
Te: 
25°e 
0.05 
1 
IDSS 
Zero-gate-voltage 
drain current 
VGS :0 
Te: 
125°e 
0.5 
10 
IlA 


'GSSF 
Forward gate current, drain short circuited to 
VGS:16V, 
VDS :0 
10 
100 
nA 
source 


'GSSR 
Reverse gate current, drain short circuited to 
VSG: 
16 V, 
VDS :0 
10 
100 
nA 
source 


Te: 
25°e 
0.05 
1 
Ilkg 
Leakage current, drain-to-GND 
VDGND :48 
V 
Te: 
125°e 
0.5 
10 
JlA 


VGS:5V, 
TC: 
25°C 
0.45 
0.525 


rDS(on) 
Static drain-to-source 
on-state resistance 
ID: 
1 A, 
n 
See Notes 2 and 3 
and Figures 6 and 7 
TC: 
125°C 
0.7 
0.78 


Qfs 
Forward transconductance 
VDS:10V, 
ID: 
0.5 A, 
1 
1.24 
S 
See Notes 2 and 3 and Figure 9 


Ciss 
Short-circuit 
input capacitance, 
common source 
135 
170 


Coss 
Short-circuit 
output capacitance, 
common source 
VDS :25 
V, 
VGS:O, 
80 
100 
pF 
Short-circuit 
reverse-transfer 
capacitance, 
f:1 
MHz, 
See Figure 11 
erss 
common source 
30 
40 


NOTES: 
2. 
Technique should limit TJ - TC to 10°C maximum. 


3. 
These parameters are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Z1,Z2,Z3 
35 
trr 
Reverse-recovery 
time 
IS: 
0.5 A, 
VDS :48 
V, 
ns 
D1,D2,D3 
110 
VGS: 
0, 
di/dt: 
100 A/Ils, 
Z1, Z2,Z3 
0.035 
°RR 
Total diode charge 
See Figures 1 and 14 
IlC 
D1, D2, D2 
0.35 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


td(on) 
Turn-on delay time 
21 
42 


td(off) 
Turn-off delay time 
VOO=25 
V, 
RL = 50 Q, 
ten = 10 ns, 
20 
40 
ns 
tr 
Rise time 
tdis = 10 ns, 
See Figure 2 
5 
10 


tf 
Fall time 
13 
26 


Og 
Total gate charge 
3.1 
3.8 


Ogs(th) 
Threshold gate-to-source 
charge 
VOS=48 
V, 
10=0.5 
A, 
VGS=5V, 
0.4 
0.5 
nC 
See Figure 3 


0gd 
Gate-to-drain 
charge 
1.3 
1.6 


LO 
Internai drain inductance 
5 
nH 
LS 
internal source inductance 
5 


Rg 
Internal gate resistance 
0.25 
Q 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


RaJA 
Junction-to-ambient 
thermal resistance 
115 
°CIW 
(see Note 4) 
All outputs with equal power 


RaJP 
Junction-to-pin 
thermal resistance 
32 
°CIW 


.~~.- 
25%oflRMt 
I 
I 


I. 
. 
I 


• 
. 
. 
. 
I 
I. 
IR.t~~-c-~-!t-f 


t~r(SD) 
1_: .1. 


VDS=48 
V 
VGS = 0 
TJ = 25°C 
Zl, Z2, and Z3 
-3 
o 
25 
50 
75 
100 
125 
150 
175 
200 
225 
250 
t-Time-ns 


t IRM = maximum recovery current 
NOTE A. 
The above waveform 
is representative 
of 01, 02, and 03 in shape only. 
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CL=30 
pF 
(see Note A) 
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TEST CIRCUIT 


NOTE A: 
CL includes probe and jig capacitance. 
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Q9S(th)~ 
Qgd ---+i 
I 


I 


IG Current- 
-=- 
10 Current- 
Sampling Resistor 
Sampling Resistor 


TEST CIRCUIT 


~TEXAS 
INSTRUMENTS 


Pulse Generator 
(see Note A) 
r------, 
I 
50n I 
II Rgen 
I 
I n 
I 
I 
I 
II 
I 
L 
.J 


TPIC5322L 
3·CHANNEL INDEPENDENT LOGIC·LEVEL POWER DMOS ARRAY 


~ 
tav 
tw 
---+J 
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C-t--- 
5V 


- 
I 
0 
--1--- 
IAS 
I 
I 
(see Note B) 
I 
I 
I 
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I 
I 
I 
. 
VD~ 
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NOTES: 
A. 
The pulse generator has the following characteristics: 
tr ,;; 10 ns, tf ,;;10 ns. Zo = 50 Q. 


B. 
Input pulse duration (tw) is increased until peak current IAS = 3 A. 
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Energy test level is defined 
as EAS = 
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= 40.5 mJ. 
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Figure 8 
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Figure 10 
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VoS - orain-Io-Source 
Voltage 
- V 


DRAIN-TO-SOURCE 
VOLTAGE AND 
GATE-TO-SOURCE 
VOLTAGE 
vs 
GATE CHARGE 
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Qg - Gale Charge 
- nC 


SOURCE-TO-DRAIN 
DIODE CURRENT 
vs 
SOURCE-TO-DRAIN 
VOLTAGE 


VGS 
0 


IiIj 


TJ = 125°C I"'-'~C 
TJ = 150°C 
I 
I 


-j 
TJ - 25°C 


TJ = 75°C 


0.01 


0.1 
1 


VSo - Source-Io-orain 
Vollage 
- V 


REVERSE-RECOVERY 
TIME 
vs 
REVERSE di/dt 


VoS= 
48 V 
VGS = 0 
IS= 0.5 A 
TJ = 25°C 
See Figure 
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MAXIMUM DRAIN CURRENT 
vs 
DRAIN·TO-SOURCE 
VOLTAGE 


Tc = 25°C 
,J 


I 
~ 
/ 
/ 


10mS~/ 
i\ 
111II1 
1 mst 


500 Jlst 
'\. 


j 
1/1+-11 nllililionj 


0.1 
O~ 
1 
10 
VDS - Drain-lo-Source 
Vollage - V 
t Less than 2% duty cycle 
Figure 15 


MAXIMUM PEAK-AVALANCHE 
CURRENT 
vs 
TIME DURATION OF AVALANCHE 
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See Figure 4 
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lav - Time Duralion of Avalanche - ms 


Figure 16 
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D PACKAGEt 
NORMALIZED JUNCTION· TO-AMBIENT 
THERMAL RESISTANCE 
vs 
PULSE DURATION 


DC Conditions 
= d =0.5 


_ 
d =0.2 
~ 
- 
d -0.1 
•....- 


= 
' 
I 
= d =0.05 


-d 
, 
0.02 
-- 


...•. 
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, 
Single Pulse 


'" 
,/ 
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-lLJ[ 
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I IIIIII 
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I 
I I I 


tw - Pulse Duration - s 


t Device mounted on FR4 printed-circuit 
board with no heat sink 


NOTES: 
ZeA(t) = r(t) RaJA 
tw = pulse duration 
le = cycle time 


d = duty cycle = tw/le 
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• 
Low 
rOS(on) ... 
0.6 Q Typ 
• 
Voltage Output ... 
60 V 
• 
Input Protection 
Circuitry 
... 
18 V 


• 
Pulsed Current ... 
3 A Per Channel 
• 
Extended ESD Capability 
... 
4000 V 


• 
Direct Logic-Level 
Interface 


o PACKAGE 
(TOP VIEW) 


The 
TPIC5323L 
is a monolithic 
gate-protected 
logic-level 
power 
OMOS 
array 
that· consists 
of 
three electrically 
isolated 
independent 
N-channel 
enhancement-mode 
OMOS transistors. 
Each transistor 
features 
integrated 
high-current 
zener 
diodes 
(ZCXa 
and ZCXb) to prevent 
gate damage 
in the event that an overstress 
condition 
occurs. 
These 
zener diodes 
also 
provide 
up to 4000 V of ESO protection 
when tested using the human-body 
model of a 1OO-pF capacitor 
in series 
with a 1.5-kQ 
resistor. 


DRAIN2 
DRAIN2 
SOURCE2 
SOURCE2 
GATE2 
DRAIN3 
DRAIN3 
GND 


• 
1 
16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


7 
10 


8 
9 


GATE1 
SOURCE1 
SOURCE1 
DRAIN1 
DRAIN1 
SOURCE3 
SOURCE3 
GATE3 


The TPIC5323L 
is offered 
in a standard 
16-pin small-outline 
surface-mount 
(0) package 
and is characterized 
for operation 
over the case temperature 
of -40°C 
to 125°C. 


schematic 


ORAIN1 
GATE2 
ORAIN2 
GATE3 
ORAIN3 


12,13 
5 
1,2 
9 
6, 7 


Q1 
01 
Q2 
02 
Q3 
03 


GATE1 
16 
Z1 
Z2 
Z3 


ZC1b 
ZC2b 
Zc3b 


ZC1a 
ZC2a 
ZC3a 


14,15 
8 
3,4 
10,11 
SOURCE1 
GNO 
SOURCE2 
SOURCE3 


PAODUCTlON 
DATA Intonnltlon 
Is current 
u 
of 
publication 
date. 


ProductJ 
conform 
to apeelfications 
per the lenni 
of Texas Inltnlmentl 


stlndatd 
warranty. Production pt'oceulng 
doH not necesHrity 
Include 


testing 
01 all parameters. 
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absolute 
maximum 
ratings over operating 
case temperature 
range (unless 
otherwise 
noted)t 


Drain-to-source 
voltage, 
VOS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
60 V 
Source-to-GND 
voltage 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
100 V 
Drain-to-GND 
voltage 
100 V 
Gate-to-source 
voltage 
range, VGS 
-9 
V to 18 V 
Continuous 
drain current, 
each output, 
TC = 25°C 
1 A 
Continuous 
source-to-drain 
diode current, 
TC = 25°C 
1 A 
Pulsed 
drain current, 
each output, 
Imax, TC = 25°C (see Note 1 and Figure 
15) 
3 A 
Continuous 
gate-to-source 
zener diode current, 
T C = 25°C 
±50 
mA 
Pulsed 
gate-to-source 
zener diode current, 
TC = 25°C 
±500 
mA 
Single-pulse 
avalanche 
energy, 
EAS, TC = 25°C (see Figures 
4 and 16) 
22.5 mJ 
Continuous 
total power 
dissipation, 
TC = 25°C (see Figure 
15) 
1.09 W 
Operating 
virtual junction 
temperature 
range, TJ 
-40°C 
to 150°C 
Operating 
case temperature 
range, TC 
-40°C 
to 125°C 
Storage 
temperature 
range, Tstg 
-65°C 
to 150°C 
Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
260°C 
t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 


functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 


implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 
NOTE 1: 
Pulse duration = 10 ms, duty cycle = 2% 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VIBRlDSX 
Orain-to-source 
breakdown voltage 
10 = 250 ~A, 
VGS =0 
60 
V 


VGS(th} 
Gate-to-source 
threshold voltage 
10=1 
mA, 
VOS= 
VGS, 
1.5 
1.8 
2.2 
V 
See Figure 5 


VIBRIGS 
Gate-to-source 
breakdown voltage 
IGS=250~ 
18 
V 


VIBRISG 
Source-to-gate 
breakdown voltage 
ISG=2.50~ 
9 
V 


V(BR} 


Reverse drain-to-GNO 
breakdown voltage (across 
Orain-to-GNO current = 250 ~ 
100 
V 
01,02,03) 


VOS(on) 
Orain-to-source 
on-state voltage 
10= 1 A, 
VGS=5V, 
0.6 
0.7 
V 
See Notes 2 and 3 


IS= 1 A, 


VF(SO) 
Forward on-state voltage, source-to-drain 
VGS = 0 (Z1, Z2, Z3), 
0.9 
1.1 
V 
See Notes 2 and 3 and Figure 12 


VF 
Forward on-state voltage, GNO-to-drain 
10 = 1 A (01, 02, 03), 
4 
V 
See Notes 2 and 3 


VOS =48 V, 
TC = 25°C 
0.05 
1 
lOSS 
Zero-gate-voltage 
drain current 


VGS= 
0 
TC = 125°C 
0.5 
10 
~ 


IGSSF 
Forward-gate 
current, drain short circuited to 
VGS=15V, 
VOS =0 
20 
200 
nA 
source 


IGSSR 


Reverse-gate 
current, drain short circuited to 


VSG =5 V, 
VOS =0 
10 
100 
nA 
source 


TC = 25°C 
0.05 
1 
Ilkg 
Leakage current, drain-to-GNO 
VOGNO=48 
V 


TC = 125°C 
0.5 
10 
I!A 


VGS = 5 V, 
TC = 25°C 
0.6 
0.65 


rOS(on) 
Static drain-to-source 
on-state resistance 
10= 1 A, 
n 
See Notes 2 and 3 
and Figures 6 and 7 
TC = 125°C 
0.85 
0.9 


9fs 
Forward transconductance 
VOS=15V, 
10 =500 
mA, 
0.89 
1.06 
S 
See Notes 2 and 3 and Figure 9 


Ciss 
Short-circuit 
input capacitance, 
common source 
107 
137 


Coss 
Short-circuit 
output capacitance, 
common source 
VOS=25 
V, 
VGS=O, 
71 
89 
pF 


Short-circuit 
reverse transfer capacitance, 
f= 1 MHz, 
See Figure 11 
Crss 
common source 
22 
28 


NOTES: 
2. 
Technique should limit TJ - TC to 10°C maximum. 


3. 
These parameters are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Reverse-recovery 
time 


Z1 , Z2, and Z3 
75 
trr 
IS= 500 mA, 
VOS=48 
V, 
ns 
01, 02, and 03 
190 
VGS= 
0, 
di/dt = 100 A/~s, 


Z1, Z2, and Z3 
0.08 
QRR 
Total diode charge 
See Figures 1 and 14 
llC 
01, D2, and D3 
0.85 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


lctCon) 
Turn-on delay time 
34 
50 


lctCoff) 
Turn-off delay time 
VOO=25 
V, 
RL = 50 n, 
trl = 10 ns, 
50 
70 
ns 
tr2 
Rise time 
tfl = 10 ns, 
See Figure 2 
20 
30 


tf2 
Fall time 
15 
25 


Og 
Total gate charge 
2 
2.45 


Ogs(th) 
Threshold gate-to-source 
charge 
VOS = 48 V, 
10=500 
mA, 
VGS=5V. 
0.3 
0.95 
nC 
See Figure 3 


°gd 
Gate-to-drain 
charge 
1.2 
1.48 


LO 
Internal drain inductance 
5 
nH 
LS 
Internal source inductance 
5 


Rg 
Internal gate resistance 
0.25 
n 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


RaJA 
Junction-to-ambient 
thermal resistance 
See Notes 4 and 7 
115 


RllJB 
Junction-to-board 
thermal resistance 
See Notes 5 and 7 
64 
°CIW 


RllJP 
Junction-to-pin 
thermal resistance 
See Notes 6 and 7 
33 


NOTES: 
4. 
Package mounted on an FR4 printed-circuit 
board with no heatsink. 


5. 
Package mounted on a 24 in2, 4-layer FR4 printed-circuit 
board. 


6. 
Package mounted in intimate contact with infinite heatsink. 
7. 
All outputs with equal power 
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c: 
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-2.5 
TJ = 25°C 
Zl, Z2, and Z3* 


-3 
o 
50 
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350 
400 
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500 


t IRM = maximum recovery current 
* The above waveform is representative 
of 01. 02. and 03 in shape only. 


"!/} 
TEXAS 
INSTRUMENTS 


TPIC5323L 
3-CHANNEL INDEPENDENT GATE·PROTECTED 
LOGIC-LEVEL 
POWER DMOS ARRAY 
SLlS044A- 
NOVEMBER 
1994 - REVISED 
SEPTEMBER 
1995 


CL = 30 pF 
(see Note A) 


tr1 --.I 14- 
---.I 
~ 
tf1 


I 
t 
I r--- 
5V 
VGS i~i- 


~ 
:~ 
OV 


td(on) 
14.1 
loll 
.11 


td(off) 


I 
_I 


tf2 ~ 
t+- 
~ 
14- tr2 


~ 


I 
I 
VOO 


VOS 
I 
I 


--- 
VOS(on) 


Pulse Generator 
r-----' 
I 
I 
IIRgen 
In.. 
I 
I 
IL 
.J 


TEST CIRCUIT 


NOTE A: 
CL includes probe and jig capacitance. 


12-V 
- 
0.21'F 
Battery- 
5V------------- 


Qgs(th) -.~ 
Qgd -+j 


I 


IG Current- 
-=- 
10 Current- 
Sampling 
Resistor 
Sampling 
Resistor 


TEST CIRCUIT 
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Pulse Generator 
(see Note A) 
r------, 
I 
500 I 
II Rgen 
I 
I 
JL 
I 
I 
I 
II 
I 
L 
.J 


~ 
tavt 
tw ~ 
It-T--- 
05 


V 


V 
--1--- 
IAS 


I: 
(see Note B) 


I 
OV 
I 
I 
I 
. 
--LL1:= V::R_" "V Mm 


~ 
-J 


I 
I 
I 


TEST CIRCUIT 
t Non-JEDEC'symbol 
for avalanche time 


NOTES: 
A. 
The pulse generator has the fOllowing characteristics: 
tr,,; 10 ns, tf ,,;10 ns, Zo = 50 O. 
B. 
Input pulse duration (lw) is increased until peak current IAS = 3 A. 


IAS 
x 
V (BR)DSX 
x 
tav 
Energy test level is defined 
as EAS = 
2' 
= 22.5 mJ, 
where tav = avalanche 
time. 


GATE-TO-SOURCE 
THRESHOLD VOLTAGE 
vs 
JUNCTION TEMPERATURE 
> 
2.5 


I 
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TJ - Junction 
Temperature 
- °C 


STATIC DRAIN-TO-SOURCE 
ON-STATE RESISTANCE 
vs 
JUNCTION TEMPERATURE 
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~ 
~ 
M 
1001~1~1~ 


TJ - Junction 
Temperature 
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STATIC DRAIN-TO-SOURCE 
ON-STATE RESISTANCE 
vs 
DRAIN CURRENT 


TJ _ 25°C 


= 
VGS = 4.5 V 


VGS=5 
V 


1 
10 - Orain Current - A 


1234567 
VGS - Gate-to-Source 
Voltage - V 


DISTRIBUTION OF 
FORWARD 
TRANSCONDUCTANCE 


Total Number of 
I- 


Units = 2064 
VOS = 15 V 
10=0.5A 
TJ = 25°C 


- 


I- 
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Figure 11 


DRAIN-TO-SOURCE 
VOLTAGE AND 
GATE-TO-SOURCE 
VOLTAGE 
vs 
GATE CHARGE 
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Qg - Gate Charge - nC 


Figure 13 


CAPACITANCE 
vs 
DRAIN-TO-SOURCE 
VOLTAGE 


250 


225 


200 


LL 
175 
Q. 
I 
Q) 
150 
uc::! 
125 
'u•• 
Q. 
100 
•• 
() 
I 
75 
() 


50 


25 


0 


VGS = 0 
f = 1 MHz 
TJ = 25°C 
Ciss(O) = 160 pF 
Coss(O) = 216 pF 
Crss(O) = 78 pF 
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SOURCE-TO·DRAIN 
DIODE CURRENT 
vs 
SOURCE·TO·DRAIN 
VOLTAGE 
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VSO - Source-to-Orain 
Voltage 
- V 


Figure 12 


REVERSE-RECOVERY 
TIME 
vs 
REVERSE di/dt 


VOS=48 
V 
VGS = 0 
15= 500 mA 
TJ = 25°C 
\ 


See Figure 
1 
\. 
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MAXIMUM DRAIN CURRENT 
vs 
DRAIN-TO-SOURCE 
VOLTAGE 


:= TC = 25°C 
f- 


- 
- lit 
1 ~s 
/ 
10 ms:j\ 
'\ 


11111)')/ 
1 mst 


500 
st 
" 
// 
eJA§ 
\eJP* 


DC Conditions 
I ,N 
I 
I 
1111111 


VDS - Drain-to-Source 
Voltage - V 
t Less than 2% duty cycle 


:t: Device mounted in intimate contact with infinite heatsink. 
§ Device mounted on FR4 printed-circuit 
board with no heatsink. 


Figure 15 
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MAXIMUM PEAK AVALANCHE 
CURRENT 
vs 
TIME DURATION OF AVALANCHE 


, 
'''' 
See Figure 4 


\ 
\ 
TC = 25°C 


TC = 125°C \ 
\ 
1\ 
1\ 
1\ 
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tav - Time Duration of Avalanche - ms 


Figure 16 
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D PACKAGEt 
JUNCTION-TO-BOARD 
THERMAL RESISTANCE 
vs 
PULSE DURATION 
, 
DC Conditions 
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/f Single Pulse 
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tw - Pulse Duration - s 
t Device mounted on 24 in2, 4-layer FR4 printed-circuit 
board with no heatsink. 


NOTE A: 
ZeB(t) = r(t) ReJB 
tw 
= pulse duration 
tc 
= cycle time 


d = duty cycle = twllc 
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• 
Low rOS(on) ... 
0.3 Q Typ 
• 
High Voltage Output ... 
60 V 


• 
Extended ESD Capability 
... 
4000 V 


• 
Pulsed Current ... 
10 A Per Channel 


• 
Fast Commutation 
Speed 


description 


The TPIC5401 is a monolithic gate-protected power DMOS array that consists of four electrically isolated 
N-channel enhancement-mode DMOS transistors, two of which are configured with a common source. Each 
transistor features integrated high-current zener diodes (ZCXaand ZCXb)to prevent gate damage in the event 
that an overstress condition occurs. These zener diodes also provide up to 4000 V of ESD protection when 
tested using the human-body model of a 1OO-pFcapacitor in series with a 1.5-kQ resistor. 


The TPIC5401 is offered in a 16-pin thermally enhanced dual-in-line (NE) package and a 20-pin wide-body 
surface-mount (DW) package and is characterized for operation over the case temperature range of -40°C to 
125°C. 
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GATE3 


ZC3b 


ZC3a 
SOURCE3 


DRAIN4 


GATE4 


ZC4b 


ZC4a 


GND, SOURCE2, 
SOURCE4 


NOTE: 
For correct operation, no terminal pin may be taken below GND. 


PRODUCTION DATA information 
is culTtnt 
as of publication 
date. 


Products 
conform 
to spectficationl 
per the terms 
of Texas 
Instruments 
standard 
warranty. 
Production 
processing 
does 
not necessarily 
Include 


testing 
of all parameters. 
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absolute maximum ratings over operating case temperature range (unless otherwise noted)t 


Drain-to-source voltage, VOS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
60 V 
Source-to-GND voltage (Q1, Q3) 
100 V 
Drain-to-GND voltage (Q1, Q3) 
100 V 
Drain-to-GND voltage (Q2, Q4) 
60 V 
Gate-to-source voltage range, VGS 
-9 V to 18 V 
Continuous drain current, each output, TC = 25°C: 
DW package 
1.7 A 
NE package 
2 A 
Continuous source-to-drain diode current, TC = 25°C 
2 A 
Pulsed drain current, each output, 'max, TC = 25°C (see Note 1 and Figure 15) 
10 A 
Continuous gate-to-source zener-diode current, TC = 25°C 
±50 mA 
Pulsed gate-to-source zener-diode current, TC = 25°C 
±500 mA 
Single-pulse avalanche energy, EAS, TC = 25°C (see Figures 4, 15, and 16) 
21 mJ 
Continuous total dissipation 
See Dissipation Rating Table 
Operating virtual junction temperature range, TJ 
-40°C 
to 150°C 
Operating case temperature range, TC 
-40°C 
to 125°C 
Storage temperature range, Tstg 
-65°C 
to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
NOTE 1: 
Pulse duration = 10 ms, duty cycle = 2% 


TC'; 
25°C 
POWER RATING 


1389mW 
2075 mW 


DERATING FACTOR 
ABOVE TC = 25°C 


11.1 mWrC 
16.6mW/oC 


TC = 125°C 
POWER RATING 


279mW 
415mW 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VCBR)OSX 
Orain-to-source 
breakdown voltage 
10 = 250 JlA, 
VGS = 0 
60 
V 


VGS(th) 
Gate-to-source 
threshold voltage 
10= 1 mA, 
VOS = VGS, 
1.5 
1.85 
2.2 
V 
See Figure 5 


VIBRlGS 
Gate-to-source 
breakdown voltage 
IGS =250 
JlA 
18 
V 


VCBR)SG 
Source-to-gate 
breakdown voltage 
ISG = 250 J.1A 
9 
V 


V(BR) 
Reverse drain-to-GNO 
breakdown voltage (across 
Orain-to-GNO current = 250 JlA 
100 
V 
01,02) 


VOS(on) 
Orain-to-source 
on-state voltage 
10=2A, 
VGS=10V, 
0.6 
0.7 
V 
See Notes 2 and 3 


IS=2A, 


VF(SO) 
Forward on-state voltage, source-to-drain 
VGS = 0 (Z1, Z2, Z3, Z4), 
1 
1.2 
V 
See Notes 2 and 3 and Figure 12 


VF 
Forward on-state voltage, GNO-to-drain 
10 = 2 A (01,02), 
7.5 
V 
See Notes 2 and 3 


VOS=48 
V, 
TC = 25°C 
0.05 
1 
lOSS 
Zero-gate-voltage 
drain current 
VGS =0 
TC = 125°C 
0.5 
10 
JlA 


IGSSF 
Forward-gate 
current, drain short circuited to 
VGS=15V, 
VOS =0 
20 
200 
nA 
source 


IGSSR 
Reverse-gate 
current, drain short circuited to 
VSG = 5 V, 
VOS =0 
10 
100 
nA 
source 


TC = 25°C 
0.05 
1 
Ilkg 
Leakage current, drain-to-GNO 
VOGNO =48 V 
TC = 125°C 
0.5 
10 
JlA 


VGS=10V, 
TC = 25°C 
0.3 
0.35 


rOS(on) 
Static drain-to-source 
on-state resistance 
10=2A, 
Q 
See Notes 2 and 3 
and Figures 6 and 7 
TC = 125°C 
0.47 
0.5 


gts 
Forward transconductance 
VOS= 
15 V, 
10= 1 A, 
1.6 
1.9 
S 
See Notes 2 and 3 and Figure 9 


Ciss 
Short-circuit 
input capacitance, 
common source 
220 
275 


Coss 
Short-circuit 
output capacitance, 
common source 
VOS= 
25 V, 
VGS = 0, 
120 
150 
pF 
Short-circuit 
reverse-transfer 
capacitance, 
f= 1 MHz, 
See Figure 11 
Crss 
common source 
100 
125 


NOTES: 
2. 
Technique should limit TJ - TC to 10°C maximum. 


3. 
These parameters are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Z1 and Z3 
120 


trr 
Reverse-recovery 
time 
Z2 and Z4 
280 
ns 
IS= 1 A, 
VOS =48 V, 
01 and 02 
260 
VGS = 0, 
di/dt = 100 AlJlS, 


Z1 and Z3 
0.12 
See Figures 1 and 14 
QRR 
Total diode charge 
Z2 and Z4 
0.9 
JlC 


01 and 02 
2.2 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


!etlon) 
Turn-on delay time 
32 
65 


tdloffl 
Turn-off delay time 
VOO =25 V, 
RL = 25 Q, 
len = 10 ns, 
40 
80 
ns 
tr 
Rise time 
!etis = 10 ns, 
See Figure 2 
15 
30 


tf 
Fall time 
25 
50 


Og 
Total gate charge 
6.6 
8 


Ogs(th) 
Threshold gate-to-source 
charge 
VOS= 
48 V, 
10= 1 A, 
VGS=10V, 
0.8 
1 
nC 
See Figure 3 
0gd 
Gate-to-drain 
charge 
2.6 
3.2 


ld 
Internal drain inductance 
5 
nH 
Ls 
Internal source inductance 
5 


Rg 
Internal gate resistance 
0.25 
Q 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


DW 
90 
RaJA 
Junction-to-ambient 
thermal resistance (see Note 4) 
- 
NE 
60 


RaJB 
Junction-to-board 
thermal resistance 
OW 
All outputs with equal power 
53 
°CIW 


OW 
30 
RaJP 
Junction-to-pin 
thermal resistance 
- 
NE 
25 
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VDS""=48 V 
VGS = 0 
TJ = 25°C 
Z1 ll.nd Z3* 


i 


"T 
.+. 


Time-ns 
t IRM = maximum recovery current 
* The above waveform is representative 
of Z2, Z4, D1, and 02 in shape only. 


~TEXAS 
INSTRUMENTS 


TPIC5401 
H·BRIDGE GATE·PROTECTED 
POWER DMOS ARRAY 
SLlS024A- 
DECEMBER 
1993 - REVISED 
MARCH 
1994 


Pulse Generator 
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II 
II 
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VOS 
--- 
VOS(on) 


CL30 pF 
(see Note A) 


TEST CIRCUIT 


NOTE A: 
CL includes probe and jig capacitance. 


Figure 2. Resistive-Switching 
Test Circuit and Voltage Waveforms 
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Pulse Generator 
(see Note A) 
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I 
son I 
II Rgen 
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1. 
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IAS (see Note B) 
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I 
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I 
OV 
I 
I 
I 
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VD~ 
V::R)DSX=60VMm 


NOTES: 
A. 
The pulse generator has the following characteristics: 
tr S 10 ns, tf S 10 ns, Zo = 50 Q. 


B. 
Input pulse duration (tw) is increased until peak current IAS = 10 A. 


IAs 
x 
V(BR)DSX 
x 
tav 
Energy test level is defined 
as EAS = 
2 
= 21 mJ. 
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STATIC DRAIN-TO-SOURCE 
ON-STATE RESISTANCE 
vs 
JUNCTION TEMPERATURE 
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STATIC DRAIN-TO-SOURCE 
ON-STATE RESISTANCE 
vs 
DRAIN CURRENT 
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DRAIN CURRENT 
vs 
DRAIN-TO-SOURCE 
VOLTAGE 
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DRAIN CURRENT 
vs 
GATE-TO-SOURCE 
VOLTAGE 
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DISTRIBUTION OF 
FORWARD TRANSCONDUCTANCE 


Total Number of Units = 1040 
VOS=15V 
10 = 1 A 
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VDS - Drain-lo-Source 
Vollage - V 


Figure 11 


DRAIN-TO-SOURCE 
VOLTAGE 
AND GATE-TO-SOURCE 
VOLTAGE 
vs 
GATE CHARGE 
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Figure 13 
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VSD - Source-lo-Drain 
Vollage - V 


Figure 12 


REVERSE-RECOVERY 
TIME 
vs 
REVERSE dildt 
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See Figure 1 
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MAXIMUM DRAIN CURRENT 
vs 
DRAIN-TO-SOURCE 
VOLTAGE 
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NE PACKAGEt 
NORMALIZED 
JUNCTION-TO-AMBIENT 
THERMAL RESISTANCE 
vs 
PULSE DURATION 


DC Conditions 
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tw - Pulse Duration - s 
t Device mounted on FR4 printed-circuit 
board with no heatsink. 


NOTE A. 
ZaJA(t) = r(t) RaJA 
tw = pulse duration 
tc = cycle time 
d = duty cycle = tw/tc 
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ow PACKAGEt 
JUNCTION·TO·BOARD 
THERMAL 
RESISTANCE 
vs 
PULSE DURATION 
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tw - Pulse Duration 
- s 


t Device mounted on 24 in2• 4-layer FR4 printed-circuit 
board with no heatsink. 


NOTE B. 
ZBJB(t) = r(t) RSJB 
tw = pulse duration 
tc = cycle time 
d = duty cycle = tw/tc 
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• 
Low rOS(on) ... 
0.23 Q Typ 
• 
High Voltage Output ... 60 V 
• 
Extended ESe Capability ... 
4000 V 
• 
Pulsed Current ... 
11.25A Per Channel 


• 
Fast Commutation Speed 


OW PACKAGE 
(TOP VIEW) 


description 


The TPIC5403 
is a monolithic gate-protected 
power 
DMOS 
array 
that 
consists 
of 
four 
independent 
electrically 
isolated 
N-channel 
enhancement-mode 
DMOS 
transistors. 
Each 


transistor features integrated high-current zener 
diodes (ZCXaand ZCXb) to prevent gate damage 
in the event that an overstress condition occurs. 
These zener diodes also provide up to 4000 V of 
ESD 
protection 
when 
tested 
using 
the 
human-body model of a 1OO-pFcapacitor in series 
with a 1.5-kQ resistor. 


The TPIC5403 is offered in a 24-pin wide-body surface-mount (DW) package and is characterized for operation 
over the case temperature range of -40°C to 125°C. 
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ZCla 
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DRAIN2 
11,12 


4,9,16,21 
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GND 
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Production 
processing 
does 
not necessarily 
include 
testing 
of all parametel'1. 
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absolute 
maximum 
ratings over operating 
case temperature 
range (unless 
otherwise 
noted)t 


Drain-to-source voltage, Vos 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
60 V 
Source-to-GND voltage 
100 V 
Drain-to-GND voltage 
100 V 
Gate-to-source voltage range, VGS 
-9 V to 18 V 
Continuous drain current, each output, TC = 25°C 
2.25 A 
Continuous source-to-drain diode current, TC = 25°C 
2.25 A 
Pulsed drain current, each output, Imax,TC = 25°C (see Note 1 and Figure 15) 
11.25 A 
Continuous gate-to-source zener diode current, TC = 25°C 
±50 mA 
Pulsed gate-to-source zener diode current, TC = 25°C 
±500 mA 
Single-pulse avalanche energy, EAS' TC = 25°C (see Figures 4,15, and 16) 
17.2 mJ 
Continuous total power dissipation, TC = 25°C (see Figure 15) 
1.39 W 
Operating virtual junction temperature range, TJ 
-40°C 
to 150°C 
Operating case temperature range, TC 
-40°C 
to 125°C 
Storage temperature range, Tstg 
-65°C 
to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings' may cause permanent damage to the device. These are stress ratings only, and 


functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions' 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
NOTE 1: 
Pulse duration = 10 ms, duty cycle = 2% 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


V(BR10SX 
Orain-to-source 
breakdown voltage 
10=250~, 
VGS = 0 
60 
V 


VGS(th) 
Gate-to-source 
threshold voltage 
10= 1 mA, 
VOS = VGS, 
1.5 
1.75 
2.2 
V 
See Figure 5 


V(BR1GS 
Gate-to-source 
breakdown voltage 
IGS=250~ 
18 
V 


V(BR)SG 
Source-to-gate 
breakdown voltage 
ISG=250~ 
9 
V 


V(BR) 
Reverse drain-to-GNO 
breakdown voltage (across 
Orain-to-GNO current = 250 IlA 
100 
V 
01, 02, 03, and 04) 


VOS(on) 
Orain-to-source 
on-state voltage 
10 = 2.25 A, 
VGS=10V, 
0.5 
0.62 
V 
See Notes 2 and 3 


IS = 2.25 A, 


VF(SO) 
Forward on-state voltage, source-to-drain 
VGS = 0 (Zl, Z2, Z3, Z4), 
0.9 
1.1 
V 
See Notes 2 and 3 and Figure 12 


VF 
Forward on-state voltage, GNO-to-drain 
10 = 2.25 A (01, 02, 03, 04), 
2.5 
V 
See Notes 2 and 3 


VOS =48V, 
ITC = 25°C 
0.05 
1 
lOSS 
Zero-gate-voltage 
drain current 
VGS = 0 
ITC = 125°C 
0.5 
10 
IlA 


IGSSF 
Forward gate current, drain short circuited to source 
VGS=15V, 
VOS=O 
20 
200 
nA 


IGSSR 
Reverse gate current, drain short circuited to 
VSG = 5 V, 
VOS= 
0 
10 
100 
nA 
source 


TC = 25°C 
0.05 
1 
Ilkg 
Leakage current, drain-to-GNO 
VOGNO =48 V 
TC = 125°C 
0.5 
10 
~ 


VGS= 
10V, 
TC = 25°C 
0.23 
0.27 


rOS(on) 
Static drain-to-source 
on-state resistance 
10 = 2.25 A, 
Q 
See Notes 2 and 3 
and Figures 6 and 7 
TC = 125°C 
0.35 
0.4 


9fs 
Forward transconductance 
VOS= 
15 V, 
10=1.125A, 
1.6 
2.1 
S 
See Notes 2 and 3 and Figure 9 


Ciss 
Short-circuit 
input capacitance, 
common source 
200 
250 


Coss 
Short-circuit 
output capacitance, 
common source 
VOS=25 
V, 
VGS=O, 
100 
175 
pF 
Short-circuit 
reverse-transfer 
capacitance, 
f= 1 MHz, 
See Figure 11 
Crss 
common source 
60 
75 


NOTES: 
2. 
Technique should limit TJ - TC to 10°C maximum. 
3. 
These parameters are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Reverse-recovery 
time 
Zl, Z2, Z3, and Z4 
80 
trr 
IS = 1.125 A, 
VOS =48V, 
ns 
01, 02, 03, and 04 
160 
VGS =0, 
di/dt = 100 Allls, 


Zl, Z2, Z3, and Z4 
0.12 
°RR 
Total diode charge 
See Figures 1 and 14 
IlC 
01, 02, 03, and 04 
0.5 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


td(on) 
Turn-on delay time 
32 
55 


td(oft) 
Turn-oft delay time 
VOO=25 
V. 
RL = 20 n. 
tr1 = 10 ns. 
27 
50 


tf1 = 10 ns. 
See Figure 2 
ns 
tr2 
Rise time 
14 
30 


tf2 
Fail time 
7 
15 


Og 
Total gate charge 
6.6 
8 


Ogs{th) 
Threshold gate-to-source 
charge 
VOS =48V. 
IO=1.125A. 
VGS=10V. 
0.6 
0.7 
nC 
See Figure 3 
0gd 
Gate-to-drain 
charge 
2.8 
3.2 


LO 
Internal drain inductance 
5 
nH 
LS 
Internal source inductance 
5 


Rg 
Internal gate resistance 
0.25 
n 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


RSJA 
Junction-to-ambient 
thermal resistance 
See Notes 4 and 7 
90 
°Cfw. 


RSJB 
Junction-to-board 
thermal resistance 
See Notes 5 and 7 
49 
°Cfw 


RSJP 
Junction-to-pin 
thermal resistance 
See Notes 6 and 7 
28 
°Cfw 


NOTES: 
4. 
Package mounted on an FR4 printed-circuit 
board with no heatsink 
5. 
Package mounted on a 24 inch2• 4-layer FR4 printed-circuit 
board 
6. 
Package mounted in intimate contact with infinite heatsink 
7. 
Ail outputs with equal power 
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. 
1-'---,- 25% of IRMt 


I 
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I 
I 
I 
I 
I 
I 
I 
'1 
~ 


1+ 
.. 
Shaded 
Area = QRR 
... iT 


1+ 
I··~··· 


IRMt ------+-:- 


I = I 
t~ 
: trr(SO) 
~ 


+ 


VOS=48 
V 
VGS = 0 
TJ = 25°C 
Z1-Z4* 


50 
100 
150 
200 
250 
300 
350 
400 
450 
500 


Time-ns 
t IRM = maximum recovery current 


:j: The above waveform is representative 
of 01, 02, 03, and 04 in shape only. 


CL 30 pF 
(see Note A) 


TEST CIRCUIT 


NOTE A: 
CL includes probe and jig capacitance. 


Figure 2. Resistive-Switching 
Test Circuit and Voltage Waveforms 
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Qg 


12-V 
- 
0.2l!F 
50kn 
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10 V 


Q9S(th)~ 
Qgd -+i 


VGS 
I 


VOS 
I 


1 


Gate Voltage 


o1""Lf 


IG=100l!A 
Time 


VOLTAGE WAVEFORM 
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10 Current- 
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Resistor 
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TEST CIRCUIT 


Pulse Generator 
(see Note A) 
r------, 
I 
50n I 
II Rgen 
I 
I n. 
I 
I 
I 
II 
I 
L 
J 


~ 


~tav 
tw 
~ 
I 
159l!H 


VGS -J 
r-t--- 


15 V 


10~ 
VOS 
I 
OV 


I 
--1--- 
IAS 


OUT 
10 
I 
: 
: 
(see Note B) 


I 


I 
OV 


----- 
OV 


VOLTAGE ANO CURRENT WAVEFORMS 


NOTES: 
A. 
The pulse generator has the following characteristics: 
tr ~ 10 ns, tf ~ 10 ns, Zo = 50 Q. 


B. 
Input pulse duration (tw) is increased until peak currentlAS 
= 11.25 A. 


IAS 
x 
V(BR)DSX 
x 
tav 
Energy test level is defined 
as EAS 
~ 
2 
= 17.2 mJ. 


~TEXAS 
INSTRUMENTS 


TPIC5403 
4-CHANNEL INDEPENDENT GATE·PROTECTED 
POWER DMOS ARRAY 
SLlS038A 
- SEPTEMBER 
1994 - REVISED 
SEPTEMBER 
1995 


GATE-TO-SOURCE 
THRESHOLD VOLTAGE 
vs 
JUNCTION TEMPERATURE 
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vs 
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DRAIN CURRENT 
vs 
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VOLTAGE 
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DISTRIBUTION OF 
FORWARD TRANSCONDUCTANCE 


Total Number 
of Units = 688 


VDS=15V 
ID = 1.125 A 
TJ = 25°C 
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CAPACITANCE 
vs 
DRAIN-TO-SOURCE 
VOLTAGE 


VGS = 0 
f = 1MHz 
TJ = 25°C 
Ciss @ 0 V = 301 pF 
Coss 
@ 0 V = 384 pF 
Crss@10V=144pF 
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SOURCE-TO-DRAIN 
DIODE CURRENT 
vs 
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VOLTAGE 


VGS = 0 


~TJ=40o~ 


TJ = 125°C 
"'I-LJJ 


TJ=150°C 
:::,. 
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DRAIN-TO-SOURCE 
VOLTAGE AND 
GATE-TO-SOURCE 
VOLTAGE 
vs 
GATE CHARGE 
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Figure 13 


REVERSE-RECOVERY 
TIME 
vs 
REVERSE dildt 


175 
VOS = 48 V 
VGS = 0 


1/1 
150 
IS = 1.125 A 
c 
TJ = 25°C 
I 


CIl 
125 
See Figure 
1 
E 
j:: 
~ 
CIl 
100 
>0 
(J 
CIla: 
dJ 
75 
l!! 
CIl> 
CIl 
50 
a: 
I~~ 
25 


0 
0 
100 
200 
300 
400 
500 
600 


Reverse dildt - Allls 


Figure 14 
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MAXIMUM DRAIN CURRENT 
vs 
DRAIN-TO-SOURCE 
VOLTAGE 
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VDS - Drain-ta-Source 
Voltage - V 


t Less than 2% duty cycle 


:1= Device mounted in intimate contact with infinite heatsink. 
§ Device mounted on FR4 printed circuit board with no heatsink. 


Figure 15 


MAXIMUM PEAK AVALANCHE CURRENT 
vs 
TIME DURATION OF AVALANCHE 
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DW PACKAGEt 
JUNCTION-TO-BOARD 
THERMAL RESISTANCE 
vs 
PULSE DURATION 
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tw - Pulse Duration - s 


t Device mounted on 24in2, 4-layer FR4 printed-circuit 
board with no heatsink. 


NOTE A: 
ZeJs(t) = r(t) ReJa 
tw = pulse duration 
Ie = cycle time 
d = duty cycle = tw/1e 
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• 
Low 
rOS(on) ... 
0.3 Q Typ 
• 
High-Voltage 
Output ... 
60 V 


• 
Pulsed Current ... 
10 A Per Channel 


• 
Fast Commutation 
Speed 


description 


The TPIC5404 is a monolithic power OMOS array 
that consists of four electrically isolated N-channel 
enhancement-mode 
OMOS transistors, two of 
which are configured with a common source. 


The TPIC5404 is offered in a 16-pin thermally 
enhanced dual-in-line (NE) package and a 20-pin 
wide-body 
surface-mount 
(OW) package. The 
TPIC5404 is characterized for operation over the 
case temperature range of -40°C to 125°C. 
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~:~~~~j~~~~m~~~s 
standard 
warranty. 
Production 
processing 
does 
not necessarily 
include 
testing 
of all parameters. 
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absolute 
maximum 
ratings over operating 
case temperature 
range (unless 
otherwise 
noted)t 


Drain-to-source voltage, VOS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
60 V 
Source-to-GND voltage (01, 03) 
100 V 
Drain-to-GND voltage (01, 03) 
100 V 
Drain-to-GND voltage (02, 04) 
60 V 
Gate-to-source voltage range, VGS 
±20 
Continuous drain current, each output, TC = 25°C: DW package 
1.7 A 
NE package 
: 
2 A 
Continuous source-to-drain diode current (NE package) 
2 A 
Pulsed drain current, each output, TC = 25°C (see Note 1 and Figure 15) 
10 A 
Single-pulse avalanche energy, TC = 25°C (see Figures 4 and 16) 
21 mJ 
Continuous total power dissipation 
See Dissipation Rating Table 
Operating virtual junction temperature range, TJ 
-40°C 
to 150°C 
Operating case temperature range, TC 
-40°C 
to 125°C 
Storage temperature range, Tstg 
-65°C 
to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 


implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 
NOTE 1: 
Pulse duration = 10 ms, duty cycle = 2% 


TC,,25°C 
POWER RATING 


1389mW 
2075mW 


DERATING FACTOR 


ABOVE TC = 25°C 


11.1 mW/oC 
16.6mW/oC 


TC = 125°C 
POWER RATING 


279mW 
415mW 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VmRlDSX 
Drain-to-source 
breakdown voltage 
ID = 250 ~A, 
VGS =0 
60 
V 


VGSlthl 
Gate-to-source 
threshold voltage 
ID=1 
mA, 
VDS =VGS 
1.5 
1.85 
2.2 
V 


V(BR) 


Reverse drain-to-GND 
breakdown voltage (across 
Drain-to-GND 
current = 250 ~A 
100 
V 
D1, D2) 


VDS(on) 
Drain-to-source 
on-state voltage 
ID=2A, 
VGS= 
10V, 
0.6 
0.7 
V 
See Notes 2 and 3 


VF 
Forward on-state voltage, GND-to-drain 
ID = 2 A (D1, D2), 
7.5 
V 
See Notes 2 and 3 


IS=2A, 


VF(SD) 
Forward on-state voltage, source-to-drain 
VGS = 0 (Z1, Z2, Z3, Z4), 
1 
1.2 
V 
See Notes 2 and 3 


VDS =48 V, 
ITC = 25°C 
0.05 
1 
IDSS 
Zero-gate-voltage 
drain current 
VGS = 0 
ITC = 125°C 
0.5 
10 
~ 


IGSSF 
Forward gate current, drain short circuited to source 
VGS=16V, 
VDS = 0 
10 
100 
nA 


'GSSR 
Reverse gate current, drain short circuited to source 
VSG=16V, 
VDS= 
0 
10 
100 
nA 


TC = 25°C 
0,05 
1 
Ilkg 
Leakage current, drain-to-GND 
VR =48V 
TC = 125°C 
0.5 
10 
~A 


VGS= 
10V, 
TC = 25°C 
0.3 
0.35 


rDS(on) 
Static drain-to-source 
on-state resistance 
ID=2A, 
n 
See Notes 2 and 3 
and Figures 6 and 7 
TC = 125°C 
0.41 
0,5 


9fs 
Forward transconductance 
VDS=15V, 
ID= 1 A, 
1.6 
1.9 
S 
See Notes 2 and 3 


Ciss 
Short-circuit 
input capacitance, 
common source 
220 
275 


Coss 
Short-circuit 
output capacitance, 
common source 
VDS =25 V, 
VGS = 0, 
120 
150 
pF 
Short-circuit 
reverse-transfer 
capacitance, 
f= 
1 MHz 
Crss 
100 
125 
common source 


NOTES: 
2. 
Technique should limit TJ - TC to 10°C maximum, pulse duration,; 
5 ms. 


3. 
These parameters are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


trr(SD) 
Reverse-recovery 
time 
IS= 1 A, 
VGS = 0, 
VDS=48 
V, 
120 
ns 
dVdt = 100 A/~s, 
(Z1 and Z3), 
QRR 
Total diode charge 
See Figure 1 
0.12 
~C 


trr(SD) 
Reverse-recovery 
time 
IS= 1 A, 
VGS = 0, 
VDS =48 V, 
280 
ns 
di/dt = 100 A/~s, 
(Z2 and Z4), 


QRR 
Total diode charge 
See Figure 1 
0.9 
~C 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


trr 
Reverse-recovery 
time 
IF= 1 A, 
VDS=48 
V, 
260 
ns 


QRR 
Total diode charge 
dVdt = 100 A/~s, 
See Figure 1 
2.2 
~C 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


td(on) 
Turn-on delay time 
32 
65 


td(oft) 
Turn-oft delay time 
VOO =25 V, 
RL = 25 Q, 
tr1 = 10 ns, 
40 
80 
ns 
tr2 
Rise time 
tf1 = 10 ns, 
See Figure 2 
15 
30 


tf2 
Fall time 
25 
50 


Og 
Total gate charge 
6,6 
8 


Ogs(th) 
Threshold gate-lo-source 
charge 
VOS=48 
V, 
10= 1 A, 
VGS= 
10V, 
0.8 
1 
nC 
See Figure 3 
0gd 
Gate-to-drain 
charge 
2.6 
3.2 


LO 
Intemal drain inductance 
5 
nH 
LS 
Intemal source inductance 
5 


Rg 
Internal gate resistance 
0.25 
n 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


OW package 
90 
RllJA 
Junction-to-ambient 
lhermal resistance 
°CIW 
NE package 
All outputs with equal power, 
60 


OW package 
See Note 4 
30 
RllJp 
Junction-lo-pin 
thermal resistance 
°CIW 
NE package 
25 
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t IRM = maximum recovery current 
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CL 30 pF 
(see Note A) 


tr1 -.I 
14-- 
-+i I+- tf1 


~ 


1r--10V 


VGS 
I 
I 
I 


I 
OV 


I 
I~ 
-- 
14-- td(off) 
td(on) ~ 
_ 
~I 
I 


tf2 -+i:'-- 
----I 
14-- tr2 


~ 


II 
VOO 


VOS 
. 
I 
--- 
VOS(on) 


Pulse Generator 
r-----' 
I 
I 
IIRgen 
In.. 
IIIL. 
.J 


TEST CIRCUIT 


NOTE A: 
CL includes probe and jig capacitance. 


12-V 
- 
0.2 ~F 
Battery - 


IG Current- 
-=- 
10 Current- 


Sampling 
Resistor 
Sampling 
Resistor 


TEST CIRCUIT 


Qgs= 
Qg-Qgd 


VOLTAGE WAVEFORM 
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Pulse Generator 
(see Note A) 
r------, 
I 
son I 
II Rgen 
I 
I n 
I 
I 
I 
II 
I 
L 
.J 


i4---+I tav 
tw -+i 
I 
r-T--- 
--1--- 
I 
I 
I 
I 
I 


OV 


IAS 
(see Note B) 


OV 


----- 
OV 


VOLTAGE AND CURRENT WAVEFORMS 


NOTES: 
A. 
The pulse generator has the following characteristics: 
tr " 10 ns, tf " 10 ns, Zo = 50 n. 


B. 
Input pulse duration (tw) is increased until peak current IAS = 10 A. where tav = avalanche time. 


IAS 
x 
V(BR)DSX 
x 
tav 
Energy test level is defined 
as EAS 
= 
2 
= 21 mJ 


GATE-TO·SOURCE 
THRESHOLD VOLTAGE 
vs 
JUNCTION TEMPERATURE 
> 
2.5 
I 
~ 
l!!g 
2 
.., 
"0 
J:. 
~ 
~ 
1.5 
••!! 
:>i 
Cl 
~ 
0.5 
J:. 
~ 
~ 
o 
-~-~ 
0 
~ 
~ 
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M 
1001~ 
1~1~ 


TJ - Junction 
Temperature 
- °C 


STATIC DRAIN·TO·SOURCE 
ON-STATE RESISTANCE 
vs 
JUNCTION TEMPERATURE 
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-~-~ 
0 
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M 
1001~ 
1~1~ 


TJ - Junction 
Temperature 
- °C 
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STATIC DRAIN-TO·SOURCE 
ON·STATE RESISTANCE 
vs 
DRAIN CURRENT 


, 
TJ = 25'C 


VGS = 10V 
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VGS= 15 V 


0.10 
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10 - Drain Current - A 
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DRAIN CURRENT 
vs 
DRAIN·TO-SOURCE 
VOLTAGE 
,. 
I 
lIVGS = 0.2 V 
n 
VGS=10V 
Unless Otherwise 
I' 
I 
Noted 


X 
VGS=15V- 
_ 
TJ=25'C 


I 
I 
I 


VGS = 4 V - 


'I" 


VGS= 3 V 


I 


o 
o 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
VOS - Orain-to-Source 
Voltage - V 


DRAIN CURRENT 
vs 
GATE-TO-SOURCE 
VOLTAGE 


TJ=-40'C 


TJ = 25'C 


2 
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7 
8 
9 
10 


VGS - Gate-to-Source 
Voltage - V 


DISTRIBUTION OF 
FORWARD TRANSCONDUCTANCE 
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CAPACITANCE 
vs 
DRAIN-TO-SOURCE 
VOLTAGE 


f = 1 MHz 
TJ = 25°C 
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SOURCE-TO-DRAIN 
DIODE 
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VSD - Source-lo-Drain 
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Figure 12 


REVERSE-RECOVERY 
TIME 
vs 
REVERSE 
dildt 
400 
IS= 1 A 


350 
TJ = 25°C 
See Figure 
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Reverse dildl- 
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Figure 14 


DRAIN-TO-SOURCE 
VOLTAGE 
AND 
GATE-TO-SOURCE 
VOLTAGE 
vs 


GATE 
CHARGE 


2 
3 
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Qg - Gale Charge - nC 
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MAXIMUM DRAIN CURRENT 
vs 
DRAIN-TO-SOURCE 
VOLTAGE 
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VDS - Drain-la-Source 
Vollage - V 


t Less than 0.1 duty cycle 


MAXIMUM PEAK-AVALANCHE 
CURRENT 
vs 
TIME DURATION OF AVALANCHE 


See Figure 4 
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NE PACKAGEt 
NORMALIZED JUNCTION-TO-AMBIENT 
THERMAL RESISTANCE 
vs 
PULSE DURATION 


DC Conditions 


d _0.5 


d =0.2 
-~§; ;;;~ 
;", 


d 
0.1 


d = 0.05 


I 
.- 
d - 0.02 
-..- 
- 
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.•... 


./ 


/ 
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/ 
Single Pulse 


tw-.r~i 
----.-rLJL 
10 


0 


II 
III 
I 


tw - Pulse Duration - s 
t Device mounted on FR4 printed-circuit 
board with no heat sink 


NOTE A: 
ZSA(t) = r(t) RaJA 
tw ; pulse duration 
tc ; cycle time 
d ; duty cycle; 
tw/le 
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DWPACKAGEt 
NORMALIZED JUNCTION- TO-AMBIENT 
THERMAL RESISTANCE 
vs 
PULSE DURATION 


DCConditions 
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tw - Pulse Duration - s 
t Device mounted on FR4 printed-circuit 
board with no heat sink 


NOTE A: 
ZaA(I); 
r(t) RaJA 
tw; 
pulse duration 
Ic; cycle time 
d ; duty cycle; 
twltc 
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• 
Low 
rOS(on) ••• 
0.4 Q Typ 
• Voltage Output ... 60 V 
• 
Input Protection Circuitry ... 
18 V 
• 
Pulsed Current ... 
3 A Per Channel 


• 
Extended ESD Capability ... 
4000 V 
• 
Direct Logic-Level Interface 


description 


The 
TPIC5421 
L is a monolithic 
gate-protected 
logie-level 
power OMOS array that consists 
of four 
electrically 
isolated 
N-channel 
enhancement- 
mode 
OMOS 
transistors, 
two 
of 
which 
are 
configured 
with common 
source. 
Each transistor 
features 
integrated 
high-current 
zener 
diodes 
(ZCXa and ZCXb) to prevent 
gate damage 
in the 
event that an overstress 
condition 
occurs. 
These 
zener 
diodes 
also 
provide 
up to 4000 
V of ESD 
protection 
when 
tested 
using 
the 
human-body 
model of a 1OO-pF capacitor 
in series with a 1.5-kQ 
resistor. 


The TPIC5421 
L is offered 
in a 20-pin 
wide-body 


surface-mount 
(OW) 
package 
and 
a 
16-pin 
thermally-enhanced 
dual-in-line 
(NE) 
package 
and is characterized 
for operation 
over the case 
temperature 
of -40°C 
to 125°C. 
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ow PACKAGE 
(TOP VIEW) 


GND 
SOURCE4/GND 
GATE4 
NC 
DRAIN4 
SOURCE3 
DRAIN3 
GATE3 
NC 
NC 


•1 
20 


2 
19 


3 
18 


4 
17 


5 
16 


6 
15 


7 
14 


8 
13 


9 
12 


10 
11 


SOURCE2IGND 
GATE2 
NC 
NC 
DRAIN2 
SOURCE1 
DRAIN1 
GATE1 
NC 
NC 


NEPACKAGE 
(TOP VIEW) 


1 U 16 
SOURCE1 
2 
15 
DRAIN1 
3 
14 
GATE1 
4 
13 
GND 
5 
12 
GND 
6 
11 
GATE3 
7 
10 
DRAIN3 
8 
9 
SOURCE3 


DRAIN2 
SOURCE2/GND 
GATE2 
GND 
GND 
GATE4 
SOURCE4/GND 
DRAIN4 


1,2,20 
GNO, SOURCE2, 
SOURCE4 


NOTE A: 
For correct operation, no terminal may be taken below GNO. 


Pin numbers shown are for the OW package. 
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GATE3 


ZC3b 


ZC3a 


6 
SOURCE3 


5 
ORAIN4 


3 
GATE4 


ZC4b 


ZC4a 


PRODUcnON 
DATA 
Information 
is current 
as 
of ptJblicalion 
dete. 


Products 
confonn 
10 specifications 
per the terms 
of Texn Instruments 


standard 
warranty. 
Production 
processing 
does 
not necessarily 
include 
testing 
of all parameter 
•• 
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absolute maximum ratings over operating case temperature range (unless otherwise noted)t 


Drain-to-source 
voltage, 
VDS 
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
60 V 
Source-to-GND 
voltage (01,03) 
100 V 
Drain-to-GND 
voltage (01, 03) 
100 V 
Drain-to-GND 
voltage 
(02, 04) 
60 V 
Gate-to-source 
voltage 
range, V GS 
-9 
V to 18 V 
Continuous 
drain current, 
each output, 
TC = 25°C: 
NE package 
1.5 A 
DW package 
1 A 
Continuous 
source-to-drain 
diode current, 
TC = 25°C 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
1 A 
Pulsed 
drain current, 
each output, 
Imax, TC = 25°C (see Note 1.and Figure 
15) 
3 A 
Continuous 
gate-to-source 
zener-diode 
current, 
TC = 25°C 
±50 
mA 
Pulsed 
gate-to-source 
zener-diode 
current, 
TC = 25°C 
±500 
mA 
Single-pulse 
avalanche 
energy, 
EAS, TC = 25°C (see Figures 
4 and 16) 
180 mJ 
Continuous 
tvtal power 
dissipation 
See Dissipation 
Rating Table 
Operating 
virtual junction 
temperature 
range, TJ 
-40°C 
to 150°C 
Operating 
case temperature 
range, TC 
-40°C 
to 125°C 
Storage 
temperature 
range, Tstg 
-65°C 
to 150°C 
Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 


NOTE 1: 
Pulse duration = 10 ms, duty cycle = 2% 


TC'; 
25°C 
POWER RATING 


1125mW 


2075 mW 


DERATING FACTOR 
ABOVE TC = 25°C 


9.0 mW/oC 


16.6 mW/oC 


TC = 125°C 
POWER RATING 


225mW 


415mW 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


V(BR)DSX 
Drain-to-source 
breakdown voltage 
ID = 250 J.1A, 
VGS =0 
60 
V 


VGS(th) 
Gate-to-source 
threshold voltage 
ID=l 
mA, 
VDS=VGS, 
1.5 
1.85 
2.2 
V 
See Figure 5 


V(BR)GS 
Gate-to-source 
breakdown voltage 
IGS = 250 J.1A 
18 
V 


VIBRlSG 
Source-to-gate 
breakdown voltage 
ISG = 250 lJ.A 
9 
V 


V(BR) 
Reverse drain-to-GND 
breakdown voltage (across 
Drain-to-GND 
current = 250 J.1A 
100 
V 
Dl, D2) 


VDS(on) 
Drain-to-source 
on-state voltage 
ID= 1 A, 
VGS=5V, 
0.4 
0.475 
V 
See Notes 2 and 3 


IS= 1 A, 


VF(SD) 
Forward on-state voltage, source-to-drain 
VGS = 0 (Zl, Z2, Z3, Z4), 
0.9 
1.1 
V 
See Notes 2 and 3 and Figure 12 


VF 
Forward on-state voltage, GND-to-drain 
ID = 1 A (Dl, 
D2), 
4.6 
V 
See Notes 2 and 3 


VDS=48 
V, 
TC = 25°C 
0.05 
1 
IDSS 
Zero-gate-voltage 
drain current 
VGS =0 
TC = 125°C 
0.5 
10 
J.1A 


IGSSF 
Forward-gate 
current, drain short circuited to source 
VGS= 
15V, 
VDS =0 
20 
200 
nA 


IGSSR 
Reverse-gate 
current, drain short circuited to source 
VSG = 5 V, 
VDS =0 
10 
100 
nA 


TC = 25°C 
0.05 
1 
Ilkg 
Leakage current, drain-to-GND 
VDGND=48V 
TC = 125°C 
0.5 
10 
J.1A 


VGS = 5 V, 
TC = 25°C 
0.4 
0.475 


rDS(on) 
Static drain-to-source 
on-state resistance 
ID= 1 A, 
n 
See Notes 2 and 3 
and Figures 6 and 7 
TC = 125°C 
0.65 
0.68 


9fs 
Forward transconductance 
VDS= 
15 V, 
ID =0.5A, 
1.25 
1.4 
S 
See Notes 2 and 3 and Figure 9 


Ciss 
Short-circuit 
input capacitance, 
common source 
220 
275 


Coss 
Short-circuit 
output capacitance, 
common source 
VDS =25 V, 
VGS = 0, 
120 
150 
pF 
Short-circuit 
reverse-transfer 
capacitance, 
f= 1 MHz, 
See Figure 11 
Crss 
100 
125 
common source 


NOTES: 
2. 
Technique should limit TJ - TC to 10°C maximum. 
3. 
These parameters are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Zl and Z3 
55 


trr 
Reverse-recovery 
time 
Z2 and Z4 
150 
ns 
IS = 0.5 A, 
VDS =48 V, 
Dl and D2 
200 
VGS = 0, 
di/dt = 100 AllJ.S, 
Zl and Z3 
0.06 
See Figures 1 and 14 
QRR 
Total diode charge 
Z2 and Z4 
0.3 
lJ.C 


Dl and D2 
0.7 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


!et(on) 
Turn-on delay time 
25 
50 


td(off) 
Turn-off delay time 
VOO =25 V, 
RL = 25 Q, 
tr1 = 10 ns, 
20 
40 


tf1 = 10 ns, 
See Figure 2 
ns 
tr2 
Rise time 
21 
42 


tf2 
Fall time 
9 
18 


Og 
Total ga1e charge 
3.9 
5 


Ogs(th) 
Threshold gate-to-source 
charge 
VOS=48 
V, 
10 =0.5A, 
VGS=5V, 
0.55 
0.8 
nC 
See Figure 3 


0gd 
Gate-to-drain 
charge 
2.5 
3.6 


LO 
Internal drain inductance 
5 
nH 
LS 
Internal source inductance 
5 


Rg 
Internal gate resistance 
0.25 
n 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


OW package 
90 
RaJA 
Junction-to-ambient 
thermal resistance 
See Notes 4 and 6 
NE package 
60 


RaJB 
Junction-to-board 
thermal resistance 
OW package 
See Notes 4 and 6 
53 
°CIW 


OW package 
30 
RWp 
Junction-to-pin 
thermal resistance 
See Notes 5 and 6 
NE package 
25 


NOTES: 
4. 
Package mounted on an FR4 printed-circuit 
board with no heatsink. 


5. 
Package mounted in intimate contact with infinite heatsink. 


6. 
All outputs with equal power 
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1.5 
VOS=48 
V 
VGS = 0 
Zl and Z3* 
c( 
I 
'i: 
0.5 
~ 
::J 
() 
0 
••."0 
i5l: 
-0.5 
'i!c 
b 
-1 
'Z 
l:! 
::J0 
-1.5 
en 
I 
~ 
-2 
o· 
• 
• 
• 


IRM(REg!:- 


; 
trr(SO) 
; 


100 
125 
150 
175 
200 
225 
250 


Time- 
ns 
t IRM(REC) = maximum recovery current 
:t: The above waveform is representative 
of Z2, Z4, 01, and 02 in shape only. 


Pulse Generator 
r-----' 
I 
I 
IIRgen 
In 
IIIL. 
.J 


CL = 30 pF 
(see Note A) 


TEST CIRCUIT 


NOTE A: 
CL includes probe and jig capacitance. 


trl ~ 
14- 
-.I ~ 
tn 


~ 


11--5V 
VGS 
I 


I 
OV 
I 
I 
!d(on) 
~ 
~ 
~ 
i+- !d(off) 


tf2--+1:'- 
---I 
14- tr2 


~ 


I 
VOO 


VOS 
--- 
VOS(on) 
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12-V 
- 
Battery 
SV 
------------ 


Q9S(th)~ 
Qgd ~ 
I 


I 


--ANI 


IG Current- 
-=- 
10 Current- 
Sampling Resistor 
Sampling Resistor 


TEST CIRCUIT 


Pulse Generator 
(see Note A) 
r------, 
I 
son 
I 
II Rgen 
I 
I 
Il 
I 
I 
I 
II 
I 
'--------' 


~ 
tav (see Note B) 
tw 
~ 
I 
t-t--- 
sv 


- 
I 
ov 
--1--- 
IAS 


I: 
(see Note B) 


I 
ov 


----- 
OV 


VOLTAGE AND CURRENT WAVEFORMS 


NOTES: 
A. 
The pulse generator has the following characteristics: 
tr S 10 ns, tf S 10 ns, Zo ; 50 n. 
B. 
Input pulse duration (tw) is increased until peak currenllAS 
; 3 A. 


IAS 
x 
V(BR)DSX 
x 
tav 
Energy test level is defined 
as EAS 
= 
2 
= 180 mJ, 


where tav ; avalanche time 
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GATE-TO-SOURCE 
THRESHOLD VOLTAGE 
vs 
JUNCTION TEMPERATURE 
> 
2.5 
I 
••'" 
.l!l 
g 
2 


"C 
"0r. 
~ 
~ 
1.5 
••~ 
::Jo 
tJI 


~ 
Cl 
~ 
0.5 
r. 
~ 
~ 
o 
-~-~ 
0 
~ 
~ 
~ 
M 
1001~1~1~ 


TJ - Junction 
Temperature - °C 


STATIC DRAIN-TO-SOURCE 
ON-STATE RESISTANCE 
vs 
DRAIN CURRENT 
1 
0.9 
0.8 
~ 
0.7 
::Jo c: 
0.6 


~. 
I•• 
0.5 
c 
g 
~ 
rei 
Q 
'1n 0.4 
u 
.~ 


~ 
~ 
0.3 
I 
•• 
cC;; 
E"r:. 
tJlO 
E' 
0.2 


~ 
I 
I 
~ 
TJ = 25°C 


VGS=4.5V 
.L---1 
~I 
I 
VGS = 5 V 


1 


10 - Drain Current - A 


STATIC DRAIN·TO·SOURCE 
ON-STATE RESISTANCE 
vs 
CASE TEMPERATURE 


0.8 


0.7 
••l:! 
::J c: 
0.6 
0l 


I 
••u 
c 
c 
0.5 
.~ ~ 
0 
'ijj 
.!:! 
•• 
0.4 
••• 
II: 
(jj ~•• 
I 
- 
0.3 
'2u;> 
o 
c 
_0 
tJI 
0.2 
0~ 


0.1 


10 = 1 A 


VGS~ 
/ ~ 
7 


I..--::: ~ '/" 
VGS = 5 V 
--- 
:;:::::..- 


o 
-~-~ 
0 
~ 
~ 
~ 
M 
1001~ 
1~1~ 


TC - Case Temperature - °C 


DRAIN CURRENT 
vs 
DRAIN-TO-SOURCE 
VOLTAGE 


t.VGS = 0.2 V 
TJ = 25°C 


VGS = 3 V 


<C 
I 
2 
;:e:;o 
c 
"i!o 
Io 


o 
o 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
VOS - Orain-to-Source 
Voltage - V 
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30 


25 


~ 


I 
.l!! 
20 
·2 
::;) 
'0 
15 
••'"••E 
••~ 
10 
•• 
Q. 


5 


0 


500 


450 


400 
u. 
Co 


350 
I 
••" 
300 
l:S·u 
250 
•• 
Co 
••U 
200 
Iu 
150 


100 


50 


0 


DISTRIBUTION OF 
FORWARD TRANSCONDUCTANCE 


I 
- 
Total Number 
of 
Units = 2888 
VoS=25 
V 
10= 0.5 A 
- 
TJ = 25°C 


,..-- 
~ 


- 
- 


~ 
~ 
~ 
~ ~ 
~ 


CAPACITANCE 
vs 
DRAIN-TO-SOURCE 
VOLTAGE 


I 


f = 1 MHz 
VGS = 0 
TJ = 25°C 


•.•..•..... 


Ciss 
- 
\"- 
Coss 
'--- 


Crss 


0 
0 
2 
3 
4 
5 


VGS - Gate-to-Source 
Voltage 
- V 


Figure 10 


SOURCE-TO-DRAIN 
DIODE CURRENT 
vs 
SOURCE-TO-DRAIN 
VOLTAGE 


5 
4 
« 
3 
I 
E 
~ 
2 
~ 
U 
••"0 
i5 
l: 
0.6 
.0; 
C 
0.4 
b 
';' 
••~~ 
0.2 
0 
l/I 
I 
C 
!E 


0.1 
0.1 
1 
10 


VSo - Source-to-Drain 
Voltage 
- V 


Figure 12 


«I 
2 
E~:; 
U 
l: 
"ec 
I 
C 


DRAIN CURRENT 
vs 
GATE·TO·SOURCE VOLTAGE 


~TEXAS 
INSTRUMENTS 


TPIC5421L 
H·BRIDGE GATE·PROTECTED LOGIC·LEVEL 
POWER DMOS ARRAY 
SlIS027 
A - OCTOBER 
1994 - REVISED 
OCTOBER 
1995 


DRAIN-TO-SOURCE 
VOLTAGE AND 
GATE-TO-SOURCE 
VOLTAGE 
vs 
GATE CHARGE 


10 = 0.5 A 
TJ = 25°C 
6 
60 
See Figure 3 
> 
I 
> 
I 
VOO = 20 V 
I 
Q) 
'" 
50 
5 
Q) 
•• 
'" 
~ 
!!l;g 


Q) 
40 
4 
Q) 
l:! 
l:! 
"0 
" 
en 
0 
6 
30 
3 
en 
~ 
~ 
.~ 
20 
'l;j 
c 
2 
CJ 
I 
I 
en 
en 
c 
~ 
> 
10 
1 


200 


175 
••l: 
I 
150 
Q) 
E 
i=~ 
125 


Q) 
>0... 
100 
Q) 
II: 
••l!! 
75 
Q) 
> 
Q) 
II: 
I 
50 
~~ 


25 


0 


o 
0 
o 
0.5 
1 
1.5 
2 
2.5 
3 
3.5 
4 
4.5 
5 


Qg - Gate Charge - nC 


Figure 13 


REVERSE-RECOVERY 
TIME 
vs 
REVERSE dildt 


I 
VOS = 48 V 
VGS=O 
IS=0.5A 
TJ = 25°C 
"" 


See Figure 1 


.....•.....---- 
Z2 and Z4 


~ 
~ 
Z1 and Z3 


100 
200 
300 
400 
500 
600 
700 


Reverse dildt - Allls 
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MAXIMUM DRAIN CURRENT 
vs 
DRAIN-TO-SOURCE 
VOLTAGE 


TC = 25°C 


1 ~st 


10 mst '\ 
/~ 


I l'~~t/1X1/ 


500 ~st 


\.1\. 


/ 
1\ 


DWPkg 
NE Pkg 


DC Condilions 
I 
~II 
I 
I 
1III1I1 
0.1 
0.1 
1 
10 
100 
VDS - Drain-la-Source Voltage - V 
t Less than 2% duty cycle 


MAXIMUM PEAK AVALANCHE 
CURRENT 
vs 
TIME DURATION OF AVALANCHE 


~I I III 


See Figure 4 


r- 
- 


r- 
- 


\\ 
TC = 25°C 


[I 


= 125°C 


II 
\\.' 


~TEXAS 
INSTRUMENTS 


~~ 
I 
••"c: 
~ 
·iii 
••a: 
c;; 
E 
0.1 
••.l: 
l- 
E 
••:c 
E« 
~ 
0.01 
0~ 
c: 
::>.., 


"0 
•• 
.!:! 
c;; 
E 
0 
0.001 
z 
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NE PACKAGEt 
NORMALIZED JUNCTION-TO·AMBIENT 
THERMAL RESISTANCE 
vs 
PULSE DURATION 


DC Conditions 


~ 
d =0.5 
- 
~ 
d =0.2 
"-- ::::;;;;; 


d _0.1 
~ 


~ 
d = 0.05 


I- 
I 
I 
-- 
-- 
~ 
d-0.02 
.--- 
I- d = 0.01 
" 


..••. 


./" 


/' 
/ 


/ 
Single Pulse 


tw-+r~1 


~ 


10 


0 


T 1 11 
11 


tw - Pulse Duration - s 
t Device mounted on FR4 printed-circuit 
board with no heatsink. 


NOTES A: 
ZaJA(t) = r(t) RaJA 
tw = pulse duration 
Ie = cycle time 
d = duty cycle = twltc 
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DWPACKAGEt 
JUNCTION- TO-BOARD THERMAL RESISTANCE 
vs 
PULSE DURATION 


DC Conditions 


I 
~ 
:.--- 
d=0.5 
_ 


~ 
Il""'" 


I I 
V ~ 


d =0.2 
- 
l.../ ~~ 


d = 0.1 
- 
-- 


iil'" 
V 


I 
I 
-- 


io"""~ 


d =0.05 
•..... 
~ 
~l I 
V ~::> 
d = 0.02 
V V 
~ 
V 
d = 0.01 


I 


V 
Single 
Pulse 
/ 


f--- tw-.I~1 
f- JLJL 


ID 


0 


~ 
I 
••uc 
~ 
'iij 
•• 
10 
II: 
0; 
E~ 
r. 
to- 
'E 
co0 
lD 
b+:c0:u 
c 
::>, 
I 
lD, 
'"II: 


tw - Pulse Duration 
- s 
t Device mounled on a 24 in2, 4-layer 
FR4 prinled-circuil 
board with no heatsink. 


NOTES A: 
ZeJB(I) = r(l) R9JB 
Iw = puise duration 
Ie = cycle lime 
d = duty cycle = Iwllc 
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• 
Low 
rOS(on) ... 
0.32 Q Typ 
• 
Voltage Output ... 
60 V 
• 
Input Protection 
Circuitry 
... 
18 V 


• 
Pulsed Current ... 
4 A Per Channel 
• 
Extended ESD Capability 
... 
4000 V 


• 
Direct Logic-Level 
Interface 


DWPACKAGE 
(TOP VIEW) 


description 


The TPIC5423L is a monolithic gate-protected 
logic-level power DMOS array that consists of four 
electrically 
isolated 
independent 
N-channel 
enhancement-mode 
DMOS 
transistors. 
Each 
transistor features integrated high-current zener 
diodes (ZCXa and ZCXb)to prevent gate damage 
in the event that an overstress condition occurs. 
These zener diodes also provide up to 4000 V of 
ESD protection when tested using the human- 
body model of a 1OO-pFcapacitor in series with a 
1.5-kQ resistor. 


The TPIC5423L is offered in a 24-pin wide-body surface-mount (DW) package and is characterized for 
operation over the case temperature of -40°C to 125°C. 


DRAIN1 
DRAIN1 
GATE1 
GND 
SOURCE1 
SOURCE1 
SOURCE2 
SOURCE2 
GND 
GATE2 
DRAIN2 
DRAIN2 


•1 
24 


2 
23 


3 
22 


4 
21 


5 
20 


6 
19 


7 
18 


8 
17 


9 
16 


10 
15 
11 
14 


12 
13 


DRAIN3 
DRAIN3 
GATE3 
GND 
SOURCE3 
SOURCE3 
SOURCE4 
SOURCE4 
GND 
GATE4 
DRAIN4 
DRAIN4 


ZC1a 
SOURCE1 5,6 


DRAIN2 11,12 


19,20 
SOURCE3 


13,14 
DRAIN4 


4,9,16,21 
GND 


PRODUCTION 
DATA Information 
Is current 
as of pUblication 
date. 


Products conform to specifications per the terms of Texas Instruments 
standard 
warranty. 
Production 
processing 
does not necessarily 
Include 
testing of all parameters. 
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absolute 
maximum 
ratings over operating 
case temperature 
range (unless 
otherwise 
noted)t 


Drain-to-source voltage, VOS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . .. 
60 V 
Source-to-GND voltage 
100 V 
Drain-to-GND voltage 
100 V 
Gate-to-source voltage range, VGS 
............................•..................... 
-9 V to 18 V 
Continuous drain current, each output, TC = 25°C 
1.25 A 
Continuous source-to-drain diode current, TC = 25°C 
1.25 A 
Pulsed drain current, each output, 'max, TC = 25°C (see Note 1 and Figure 15) 
4 A 
Continuous gate-to-source zener-diode current, TC = 25°C 
±50 mA 
Pulsed gate-to-source zener-diode current, TC = 25°C 
±500 mA 
Single-pulse avalanche energy, EAS, TC = 25°C (see Figures 4 and 16) 
96 mJ 
Continuous total dissipation, TC = 25°C (see Figure 15) 
1.39 W 
Operating virtual junction temperature range, TJ 
-40°C 
to 150°C 
Operating case temperature range, TC 
-40°C 
to 125°C 
Storage temperature range 
-65°C 
to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 


implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
NOTE 1: 
Pulse duration = 10 ms, duty cycle = 2% 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VIBR\DSX 
Orain-to-source 
breakdown voltage 
10 = 250 ~A, 
VGS =0 
60 
V 


VGS(th) 
Gate-to-source 
threshold voltage 
10=1 
mA, 
VOS =VGS, 
1.5 
1.75 
2.2 
V 
See Figure 5 


V(BR)GS 
Gate-to-source 
breakdown voltage 
IGS=250~ 
18 
V 


VIBRlSG 
Source-to-gate 
breakdown voltage 
ISG=250~ 
9 
V 


V(BR) 
Reverse drain-to-GNO 
breakdown voltage 
Orain-to-GNO current = 250 ~ 
100 
V 


VOS(on) 
Orain-to-source 
on-state voltage 
10 = 1.25A, 
VGS = 5 V, 
0.4 
0.47 
V 
See Notes 2 and 3 


IS = 1.25 A, 


VF(SO) 
Forward on-state voltage, source-to-drain 
VGS = 0 (Z1, Z2, Z3, Z4), 
0.9 
1.1 
V 
See Notes 2 and 3 and Figure 12 


VF 
Forward on-state voltage, GNO-to-drain 
10 = 1.25 A (01, 02, 03, 04), 
2 
V 
See Notes 2 and 3 


VOS=48 
V, 
ITC = 25°C 
0.05 
1 
lOSS 
Zero-gate-voltage 
drain current 
VGS =0 
ITC = 125°C 
0.5 
10 
~ 


IGSSF 
Forward-gate 
current, drain short circuited to source 
VGS=15V, 
VOS=O 
20 
200 
nA 


IGSSR 
Reverse-gate 
current, drain short circuited to source 
VSG = 5 V, 
VOS=O 
10 
100 
nA 


TC = 25°C 
0.05 
1 
Ilkg 
Leakage current, drain-to-GNO 
VOGNO=48 
V 
TC = 125°C 
0.5 
10 
~ 


VGS=5V, 
TC = 25°C 
0.32 
0.375 


rOS(on) 
Static drain-to-source 
on-state resistance 
10 = 1.25 A, 
Q 
See Notes 2 and 3 
and Figures 6 and 7 
TC = 125°C 
0.44 
0.55 


9fs 
Forward transconductance 
VOS= 
15 V, 
10 = 0.625 A, 
1.25 
1.63 
S 
See Notes 2 and 3 and Figure 9 


Ciss 
Short-circuit 
input capacitance, 
common source 
200 
250 


Coss 
Short-circuit 
output capacitance, 
common source 
VOS=25 
V, 
VGS =0, 
100 
125 
pF 
Short-circuit 
reverse-transfer 
capacitance, 
f= 
1 MHz, 
See Figure 11 
Crss 
common source 
60 
75 


NOTES: 
2. 
Technique should limit TJ - TC to 1Q°C maximum. 


3. 
These parameters 
are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Z1, Z2, Z3, and Z4 
80 
trr 
Reverse-recovery 
time 
IS = 0.625 A, 
VOS =48 V, 
ns 
01, 02, 03, and 04 
130 
VGS = 0, 
di/dt = 100 AI~s, 
Z1, Z2, Z3, and Z4 
0.8 
°RR 
Total diode charge 
See Figures 1 and 14 
~C 
01, 02, 03, and 04 
0.66 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


td(on) 
Turn-on delay time 
34 
70 


td(off) 
Turn-off delay time 
VOO ;25 
V, 
RL; 
40 Q, 
ten; 
10 ns, 
20 
40 


tdis; 
10 ns, 
See Figure 2 
ns 
tr 
Rise time 
28 
55 


tf 
Fall time 
15 
30 


Og 
Total gate charge 
6.6 
8 


Ogs(th) 
Threshold gate-to-source 
charge 
VOS ;48V, 
10; 
0.625 A, 
VGS;5V, 
0.5 
0.6 
nC 
See Figure 3 


°gd 
Gate-to-drain 
charge 
2.6 
3.2 


LO 
Internal drain inductance 
5 
nH 
LS 
Internal source inductance 
5 


Rg 
Internal gate resistance 
0.25 
n 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


RaJA 
Junction-to-ambient 
thermal resistance 
See Notes 4 and 7 
90 


RaJB 
Junction-to-board 
thermal resistance 
See Notes 5 and 7 
49 
°CIW 


RaJP 
Junction-to-pin 
thermal resistance 
See Notes 6 and 7 
28 


NOTES: 
4. 
Package mounted on an FR4 printed-circuit 
board with no heatsink. 
5. 
Package mounted on a 24 in2, 4-layer FR4 printed-circuit 
board. 
6. 
Package mounted in intimate contact with infinite heatsink. 


7. 
All outputs with equal power. 
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I 


r 
I 
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I 
I 
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I 
I 
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I 
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VDS;48 
V 
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0 
TJ; 
25°C 


. Z1-Z4* 


trr(SD) 
• 


50 
100 
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200 
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300 
350 
400 
450 
500 
TIme-ns 
t IRM ; maximum recovery current 


:j: The above waveform is representative 
of 01, 02, 03, and 04 in shape only. 


Figure 1. Reverse-Recovery-Current Waveform of Source-to-Drain Diode 
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CL = 30 pF 
(see Note A) 


ten -+I I+- 
--.I ~ 
ldis 
! }-----{-~ 
- 
5 V 


VGS 
--" 
i'L 
I 
OV 
I 
__ 
I+-ld 
td(on) 
~ 
l4-- 
-I 
I 
(off) 


tf -+1:'- 
-----l I+-tr 


~ 


I 
VOO 


VOS 
--- 
VOS(on) 


VOLTAGE WAVEFORMS 


Pulse Generator 
r-----' 
I 
I 
IIRgen 
In 
II 
IL 
.J 


12V 
- 
Battery 


TIme 


VOLTAGE WAVEFORM 
IG Current- 
Sampling 
Resistor 


TEST CIRCUIT 


10 Current- 
Sampling 
Resistor 


~TEXAS 
INSTRUMENTS 


TPIC5423L 
4·CHANNEL INDEPENDENT GATE·PROTECTED 
LOGIC·LEVEL 
POWER DMOS ARRAY 
SLlS045 
- NOVEMBER 
1994 


Pulse Generator 
(see Note A) 
r------, 
I 
50Q 
I 
II Rgen 
I 
I n 
I 
I 
I 
II 
I 
L. 
.J 


Voo = 25 V 


I 
~tav 


tw 
~ 
I 
t-t--- 
5V 


- 
I 
OV 
--1--- 
IAS 
I: 
(see Note B) 


I 
OV 


----- 
OV 


VOLTAGE ANO CURRENT WAVEFORMS 


NOTES: 
A. 
The pulse generator has the following characteristics: 
tr $10 ns, tf $ 10 ns, Zo = 50 Q. 
B. 
Input pulse duration (tw) is increased until peak current IAS = 4 A. 
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• 
Low 
rOS(on) ... 
0.4 Q Typ 
• 
High-Voltage Output ... 
60 V 


• 
Pulsed Current ... 
3 A Per Channel 


• 
Fast Commutation 
Speed 
• 
Direct Logic-Level 
Interface 


description 


The TPIC5424L is a monolithic logic-level power 
DMOS array that consists of four electrically 
isolated N-channel enhancement-mode 
DMOS 
transistors, two of which are configured with a 
common source. 


The TPIC5424L is offered in a 16-pin thermally 
enhanced dual-in-line (NE) package and a 20-pin 
wide-body 
surface-mount 
(DW) package. The 
TPIC5424L is characterized for operation over the 
case temperature range of -40°C to 125°C. 
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absolute 
maximum 
ratings over operating 
case temperature 
range (unless otherwise 
noted)t 


Drain-to-source voltage, VDS 
• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
60 V 
Source-to-GND voltage (01, 03) 
100 V 
Drain-to-GND voltage (01, 03) 
100 V 
Drain-to-GND voltage (02, 04) 
60 V 
Gate-to-source voltage, VGS 
................................................•............. 
±20 V 
Continuous drain current, each output, TC = 25°C 
1 A 
Continuous source-to-drain diode current, TC = 25°C 
1 A 
Pulsed drain current, each output, Imax,Tc = 25°C (see Note 1 and Figure 15) 
3 A 
Single-pulse avalanche energy, EAS, Tc = 25°C (see Figure 4) 
180 mJ 
Continuous total dissipation 
See Dissipation Rating Table 
Operating virtual junction temperature range, TJ 
-40°C 
to 150°C 
Operating case temperature range, TC 
-40°C 
to 125°C 
Storage temperature range 
-65°C 
to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
NOTE 1: 
Pulse duration = 10 ms and duty cycle = 2%. 


TC,,25°C 
POWER RATING 


1389mW 
2075mW 


DERATING FACTOR 
ABOVE TC = 25°C 


11.1 mW/oC 
16.6mW/oC 


TC = 125°C 
POWER RATING 


279mW 
415mW 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


V(BRlDSX 
orain-to-source 
breakdown voltage 
10 = 250 ~A, 
VGS = 0 
60 
V 


VGS(th) 
Gate-to-source 
threshold voltage 
10=1 
mA, 
VoS =VGS, 
1.5 
1.85 
2.2 
V 
See Figure 5 


V(BR) 
Reverse drain-to-GNO 
breakdown voltage (across 
orain-to-GNo 
current = 250 ~ 
100 
V 
01,02) 


VoS(on) 
orain-to-source 
on-state voltage 
10= 1 A, 
VGS=5V, 
0.4 
0.48 
V 
See Notes 2 and 3 


IS= 1 A, 


VF(So) 
Forward on-state voltage, source-to-drain 
VGS = 0 (Z1, Z2, Z3, Z4), 
1 
1.2 
V 
See Notes 2 and 3 and Figure 12 


VF 
Forward on-state voltage, GNo-to-drain 
10 = 1 A (01,02), 
4.6 
V 
See Notes 2 and 3 


VOS=48 
V, 
ITC = 25°C 
0.05 
1 
lOSS 
Zero-gate-voltage 
drain current 
VGS = 0 
ITC = 125°C 
0.5 
10 
~A 


IGSSF 
Forward gate current, drain short circuited to 
VGS=5V, 
VoS=O 
10 
100 
nA 
source 


IGSSR 
Reverse gate current, drain short circuited to 
VSG = 5 V, 
VoS = 0 
10 
100 
nA 
source 


VoGNo 
=48 V 
TC = 25°C 
0.05 
1 
Ilkg 
Leakage current, drain-to-GNo 
(01,02) 
TC = 125°C 
0.5 
10 
~A 


VGS = 5V, 
TC = 25°C 
0.4 
0.48 


roS(on) 
Static drain-to-source 
on-state resistance 
10= 1 A, 
n 
See Notes 2 and 3 
and Figures 6 and 7 
TC = 125°C 
0.65 
0.68 


9fs 
Forward transconductance 
VoS= 
15 V, 
10 =0.5A, 
1.25 
1.39 
S 
See Notes 2 and 3 and Figure 9 


Ciss 
Short-circuit 
input capacitance, 
common source 
220 
275 


Coss 
Short-circuit 
output capacitance, 
common source 
VoS=25 
V, 
VGS=O, 
120 
150 
pF 
Short-circuit 
reverse-transfer 
capacitance, 
f= 
1 MHz, 
See Figure 11 
Crss 
common source 
100 
125 


NOTES: 
2. 
Technique should limit TJ - TC to 10°C maximum. 
3. 
These parameters are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Z1 and Z3 
55 


trr 
Reverse-recovery 
time 
Z2 and Z4 
150 
ns 
IS =0.5 A, 
VoS=48 
V, 
01 and 02 
200 
VGS = 0, 
di/dt = 100 A/~s, 
Z1 and Z3 
0.06 
See Figures 1 and 14 
QRR 
Total diode charge 
Z2 and Z4 
0.3 
~C 


01 and 02 
0.7 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


td(on) 
Turn-on delay time 
34 
68 


td(offl 
Turn-off delay time 
VOO=25 
V, 
RL = 25 n, 
ten = 10 ns, 
40 
82 
ns 
tr 
Rise time 
tdis = 10 ns, 
See Figure 2 
21 
42 


tf 
Fall time 
25 
50 


Qg 
Total gate charge 
3.9 
5 


Qgs(th) 
Threshold gate-to-source 
charge 
VOS =48V, 
10= 1 A, 
VGS=10V, 
0.55 
0.8 
nC 
See Figure 3 
Qgd 
Gate-to-drain 
charge 
2.5 
3.6 


LO 
Internal drain inductance 
5 
nH 
LS 
Internal source inductance 
5 


Rg 
Internal gate resistance 
0.25 
n 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Junction-to-ambient 
thermal resistance 
OW package 
90 
RSJA 
(see Note 4) 
°CIW 
NE package 
60 
All outputs with equal power 
OW package 
30 
RSJP 
Junction-to-pin 
thermal resistance 
°CIW 
NE package 
25 


1.5 
... 
, 
.. ,. 


VOS = 48 V 
VGS = 0 
TJ = 25°C 
Zl and Z3 


~ 
. 
. 
. 
. 
: :...:...:.:...;.:...;....:. 
25% of IRMt +H- 


I..f* 
Shaded 
Area = QRR 


I 
f~ 


I 
.jT.. 


I 
Ii 


-2 : 
IRMt--~~~~ 
.+_ 


. 
: 
trr(SD) •.... 
: . 


50 
100 150 200 250 
300 350 400 450 
500 


t IRM = maximum recovery current 
NOTE A. 
The above waveform 
is representative 
of Z2, Z4, 01, and 02 in 
shape only. 
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Pulse Generator 
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NOTE A: 
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Pulse Generator 
(see Note A) 
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NOTES: 
A. 
The pulse generator has the following characteristics: 
tr S;10 ns, tf S;10 ns, Zo = 50 Q. 
B. 
Input pulse duration (tw) is increased until peak current IAS = 3 A. 
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NORMALIZED JUNCTION-TO-AMBIENT 
THERMAL RESISTANCE 
vs 
PULSE DURATION 
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tw - Pulse Duration - s 
t Device mounted on FR4 printed-circuit 
board with no heat sink 


NOTES: 
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DWPACKAGEt 
NORMALIZED JUNCTlON- TO-AMBIENT 
THERMAL RESISTANCE 
vs 
PULSE DURATION 


DC Conditions 
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tw - Pulse Duration - s 
t Device mounted on FR4 printed-circuit 
board with no heat sink 


NOTES: 
ZeA(t) = r(t) RaJA 
tw = pulse duration 
tc = cycle time 


d = duty cycle = Iw11c 
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• 
Low 
rOS(on) ... 
0.3 Q Typ 
• 
High-Voltage Output ... 
60 V 
• 
Pulsed Current ... 
8 A Per Channel 


• 
Fast Commutation 
Speed 


description 


The TPIC5601 is a monolithic power OMOS array 
that consists of six electrically isolated N-channel 
enhancement-mode OMOS transistors, three of 
which are configured with a common source. The 
TPIC5601 
is offered 
in a 20-pin 
wide-body 
surface-mount (OW) package. 


The TPIC5601 is characterized for operation over 
the case temperature range of -40°C to 125°C. 
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absolute 
maximum 
ratings over operating 
case temperature 
range (unless 
otherwise 
noted)t 


Drain-to-source voltage, VOS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
60 V 
Source-to-GND voltage (01, 02, and 03) 
100 V 
Drain-to-GND voltage (01, 02, and 03) 
100 V 
Drain-to-GND voltage (04, OS, and 06) 
60 V 
Gate-to-source voltage range, VGS 
...............................•........................ 
±20 V 
Continuous drain current, each output, TC = 25°C 
1.7 A 
Continuous source-to-drain diode current 
1.7 A 
Pulsed drain current, 10, each output, TC = 25°C (see Note 1 and Figure 15) 
8 A 
Single-pulse avalanche energy, EA' TC = 25°C (see Figures 4 and 16) 
36 mJ 
Continuous total power dissipation 
See Dissipation Rating Table 
Operating virtual junction temperature range, TJ 
-40°C 
to 150°C 
Operating case temperature range, TC 
-40°C 
to 125°C 
Storage temperature range, Tstg 
-65°C 
to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings oniy, and 
functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
NOTE 1: 
Pulse duration = 10 ms, duty cycle = 2% 


DISSIPATION RATING TABLE 


TC s 25°C 
DERATING FACTOR 
POWER RATING 
ABOVE TC = 25°C 


1125 mW 
9.0 mW/oC 


TC = 125°C 
POWER RATING 


225mW 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


V(SR)OSX 
Orain-to-source 
breakdown voltage 
10=250~, 
VGS = 0 
60 
V 


VGSrthl 
Gate-to-source 
threshold voltage 
10=1 
mA, 
VOS=VGS 
1.5 
1.85 
2.2 
V 


V(SR) 
Reverse drain-to-GNO 
breakdown voltage (across 
Orain-to-GNO current = 250 ~ 
100 
V 
01, 02, and 03) 


VOS(on) 
Orain-to-source 
on-state voltage 
10= 1.7 A, 
VGS= 
10V, 
0.51 
0.6 
V 
See Notes 2 and 3 


VF 
Forward on-state voltage, GNO-to-drain 
10 = 1.7 A (01,02,03), 
7.5 
V 
See Notes 2 and 3 


IS= 1.7 A, 


VF(SO) 
Forward on-state voltage, source-to-drain 
VGS = 0 (Z1, Z2, Z3, Z4, Z5, Z6), 
1 
1.2 
V 
See Notes 2 and 3 


VOS =48 V, 
TC = 25°C 
0.05 
1 
lOSS 
Zero-gate-voltage 
drain current 
VGS = 0 
TC = 125°C 
0.5 
10 
~ 


IGSSF 
Forward gate current, drain short circuited to source 
VGS=16V, 
VOS =0 
10 
100 
nA 


IGSSR 
Reverse gate current, drain short circuited to source 
VSG=16V, 
VOS=O 
10 
100 
nA 


TC = 25°C 
0.05 
1 
Ilkg 
Leakage current, drain-to-GNO 
VR =48 V 
TC = 125°C 
0.5 
10 
IlA 


VGS=10V, 
TC = 25°C 
0.3 
0.35 


rOS(on) 
Stalic drain-to-source 
on-state resistance 
10= 1.7 A, 
n 
See Notes 2 and 3 
and Figures 6 and 7 
TC = 125°C 
0.41 
0.5 


9fs 
Forward transconductance 
VOS= 
15 V, 
10= 1 A, 
1.2 
1.75 
S 
See Notes 2 and 3 


Ciss 
Short-circuit 
input capacitance, 
common source 
190 
240 


Coss 
Short-circuit 
output capacitance, 
common source 
VOS=25 
V, 
VGS = 0, 
100 
125 
pF 
Short-circuit 
reverse-transfer 
capacitance, 
f= 
1 MHz 
Crss 
common source 
40 
50 


NOTES: 
2. 
Technique should limit TJ - TC to 10°C maximum, pulse duration";5 
ms. 


3. 
These parameters 
are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


trr(SO) 
Reverse-recovery 
time 
IS= 1 A, 
VGS=O, 
VOS = 48 V, 
65 
ns 
dildt = 100 NilS, 
(Z1, Z2, Z3), 


°RR 
Total diode charge 
See Figure 1 
0.12 
IlC 


trr(SO) 
Reverse-recovery 
time 
IS= 1 A, 
VGS =0, 
VOS=48 
V, 
240 
ns 
dildt = 100 NilS, 
(Z4, Z5, Z6), 


°RR 
Total diode charge 
See Figure 1 
0.9 
IlC 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


trr 
Reverse-recovery 
time 
IF= 1 A, 
VOS =48 V, 
260 
ns 


°RR 
Total diode charge 
di/dt = 100 Nf'.s, 
See Figure 1 
2.2 
IlC 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


lcl(on} 
Turn-on delay time 
32 
65 


lcl(offl 
Turn-off delay time 
VOO =25 V, 
RL = 25 Q, 
tr1 = 10 ns, 
40 
80 


ns 
tr2 
Rise time 
tf1 = 10 ns, 
See Figure 2 
15 
30 


tf2 
Fall time 
25 
50 


Og 
Total gate charge 
5 
6 


°GS 
Threshold gale-la-source 
charge 
VOS =48 V, 
10= 1 A, 
VGS=10V, 
0.5 
0.6 
nC 
See Figure 3 


°GO 
Gate-to-drain 
charge 
1.9 
2.3 


L(dr<iin) 
Internal drain inductance 
5 


nH 


L(source) 
Internal source inductance 
5 


Rg 
Internal gate resistance 
0.25 
11 


PARAMETER 
TEST CONDITIONS 
MIN 
TVP 
MAX 
UNIT 


RaJA 
Junction-to-ambientthermal 
resistance 
90 


All outputs with equal power, 
See Note 4 
°C/W 


RaJP 
Junction-to-pin 
thermal resislance 
27 
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Figure 2. Resistive-Switching 
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NOTES: 
A. 
The pulse generator has the following characteristics: 
tr" 
10 ns, tf" 
10 ns, Zo = 50 n. 


B. 
Input pulse duration (tw) is increased until peak currentlAS 
= 8 A. 
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t Device mounted on FR4 printed-circuit board with no heatsink 


NOTE A: 
ZaA(t) = r(t) RaJA 
tw = pulse duration 
tc = cycle time 
d = duty cycle = twltc 
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• 
Low 
rOS(on) ••• 
0.4 n Typ 
• 
High-Voltage Output ... 
60 V 
• 
Pulsed Current ... 
3 A Per Channel 


• 
Fast Commutation 
Speed 
• 
Direct Logic-Level 
Interface 


description 


The TPIC5621 
L is a monolithic 
logic-level 
power 
OMOS 
array 
that 
consists 
of 
six 
electrically 
isolated 
N-channel 
enhancement-mode 
OMOS 
transistors, 
three 
of which 
are configured 
with a 
common 
source. 


The TPIC5621 
L is offered 
in a 20-pin 
wide-body 
surface-mount 
(OW) 
package 
and 
is 
characterized 
for 
operation 
over 
the 
case 
temperature 
range of -40°C 
to 125°C. 
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PRODUCTION 
DATA 
Information 
Is current 
88 
of 
publication 
date. 
Products conform to specifications per the terms of Texas Instruments 
standard 
warranty. 
Production 
processing 
does 
not necessarily 
Include 
testing 
of all parameters. 
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absolute 
maximum 
ratings over operating 
case temperature 
range (unless 
otherwise 
noted)t 


Drain-to-source voltage, Vos 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
60 V 
Source-to-GND voltage (Q1, Q2, and Q3) 
100 V 
Drain-to-GND voltage (Q1, Q2, and Q3) 
100 V 
Drain-to-GND voltage (Q4, Q5, and Q6) 
60 V 
Gate-to-source voltage range, VGS 
±20 V 
Continuous drain current, each output, TC = 25°C 
1 A 
Continuous source-to-drain diode current, TC = 25°C 
1 A 
Pulsed drain current, Imax,Tc = 25°C (each output, see Note 1 and Figure 15) 
3 A 
Single-pulse avalanche energy, EAS, TC = 25°C (see Figures 4, 15 and 16) 
162 mJ 
Continuous total dissipation (see Figure 15) 
See Dissipation Rating Table 
Operating virtual junction temperature range, TJ 
-40°C 
to 150°C 
Operating case temperature range, TC 
-40°C 
to 125°C 
Storage temperature range 
-65°C 
to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 
t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 


NOTE 1: 
Pulse duration = 10 ms and duty cycle = 2% 


DISSIPATION 
RATING TABLE 


TC'; 25°C 
DERATING FACTOR 
POWER RATING 
ABOVE TC = 25°C 


1389mW 
11.1 mW/oC 


TC = 125°C 
POWER RATING 


279mW 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


V(BR)oSX 
orain-to-source 
breakdown voltage 
10 = 250 ).lA, 
VGS = 0 
60 
V 


VGS(th) 
Gate-to-source 
threshold voltage 
10=1 
mA, 
VoS= 
VGS, 
1.5 
1.85 
2.2 
V 
See Figure 5 


V(BR) 
Reverse drain-to-GNo 
breakdown voltage (across 
orain-to-GNo 
current = 250 ~A 
100 
V 
01, 02, and 03) 


VoS(on) 
orain-to-source 
on-state voltage 
10= 1 A, 
VGS = 5 V, 
0.4 
0.48 
V 
See Notes 2 and 3 


IS= 1 A, 


VF(So) 
Forward on-state voltage, source-to-drain 
VGS = 0 (Z1, Z2, Z3, Z4, Z5, Z6), 
0.9 
1.1 
V 
See Notes 2 and 3 and Figure 12 


VF 
Forward on-state voltage, GNo-to-drain 
10 = 1 A (01, 02, 03), 
4.6 
V 
See Notes 2 and 3 


VoS =48 V, 
ITC = 25°C 
0.05 
1 
lOSS 
Zero-gate-voltage 
drain current 
VGS= 
0 
ITC = 125°C 
0.5 
10 
~A 


IGSSF 
Forward gate current, drain short circuited to source 
VGS=16V, 
VoS =0 
10 
100 
nA 


'GSSR 
Reverse gate current, drain short circuited to 
VSG=16V, 
VoS =0 
10 
100 
nA 
source 


VoGNo 
=48 V 
TC = 25°C 
0.05 
1 
Ilkg 
Leakage current, drain-to-GNo 
(01,02,03) 
TC = 125°C 
0.5 
10 
~A 


VGS=5V, 
TC = 25°C 
0.4 
0.48 


roS(on) 
Static drain-to-source 
on-state resistance 
10= 1 A, 
n 
See Notes 2 and 3 
and Figures 6 and 7 
TC = 125°C 
0.65 
0.68 


9fs 
Forward transconductance 
VoS=15V, 
10 = 0.5 A, 
1 
1.29 
1.45 
S 
See Notes 2 and 3 and Figure 9 


Ciss 
Short-circuit 
input capacitance, 
common source 
190 
240 


Coss 
Short-circuit 
output capacitance, 
common source 
VoS=25 
V, 
VGS = 0, 
100 
125 
pF 
Short-circuit 
reverse transfer capacitance, 
f= 1 MHz, 
See Figure 11 
Crss 
common source 
40 
50 


NOTES: 
2. 
Technique should limit TJ - TC to 10°C maximum. 
3. 
These parameters are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Z1, Z2, Z3 
65 


trr 
Reverse-recovery 
time 
Z4,Z5,Z6 
150 
ns 


IS = 0.5 A, 
VoS=48 
V, 
01,02,03 
200 
VGS = 0, 
di/dt = 100 AI~s, 
Z1,Z2,Z3 
0.06 
See Figures 1 and 14 


°RR 
Total diode charge 
Z4,Z5,Z6 
0.3 
~C 


01,02,03 
0.7 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


td(on) 
Turn-on delay time 
34 
68 


td(oft) 
Turn-oft delay time 
VDD=25 
V, 
RL = 50 n, 
ten = 10 ns, 
41 
32 
ns 
tr 
Rise time 
tdis = 10 ns, 
See Figure 2 
21 
42 


. tf 
Fall time 
25 
50 


Og 
Total gate charge 
3.1 
3.7 


Ogs(th) 
Threshold gate-to-source 
charge 
VDS =48V, 
ID =0.5A, 
VGS=5V, 
0.5 
0.6 
nC 
See Figure 3 


°gd 
Gate-to-drain 
charge 
1.9 
2.3 


LD 
Internal drain inductance 
5 
nH 
LS 
Internal source inductance 
5 


RQ 
Internal gate resistance 
0.25 
n 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


RaJA 
Junction-to-ambient 
thermal resistance (see Note 4) 
90 
All outputs with equal power 
°CN! 
RSJP 
Junction-to-pin 
thermal resistance 
27 


1.5 
.. 
. 
.... 


VD!; = 48 V 


-i- 


VGS=O 
+ 


TJ= 25°C: 
Z1, Z2, and Z3 
+ 


. 
Reverse dlldt = 100 A1flS 
<I 
0.5 
E 
~ 
::> 
0 
() 
•• 
'C0 
i5 
-0.5 
".~ 
0 
~ 
-1 


l:! 
::>0 
-1.5 
Ul 
I 
!!} 


t-Time-ns 
t IRM = maximum recovery current 


NOTE A. 
The above waveform is representative 
of Z4, Z5, Z6, D1, D2, and 
D3 in shape only. 
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CL 30 pF 
(see Note A) 


ten -.I I+- 
---.I ~ 
!elis 


~ 


1r--5V 


VGS 
I 
I I 
I 
I 
OV 


td(on) 
lOll 
~ 
l'1li. I .: 
td(off) 


tf -+I r4- l 
14- tr 


~ 


I 
VOO 


VOS 


--- 
VOS(on) 


VOLTAGE WAVEFORMS 


Pulse Generator 
r-----' 
I 
I 
IIRgen 
In 
IIIL 
J 


12-V 
- 


Battery 


IG Current- 
-=- 
10 Current- 


Sampling 
Resistor 
Sampling 
Resistor 


TEST CIRCUIT 
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Pulse Generator 
(see Note A) 
r------, 
I 
son I 
II Rgen 
I 
I n 
I 
I 
I 
II 
I 
L. 
.J 


14--+1 tav 
tw -+i 
I 
t-r--- 
5V 


- 
I 
OV 
--1--- 
'AS 


I: 
(see Note B) 


I 
OV 


I 
I 
I 
VDS~ 
v:',osx."V"" 


NOTES: 
A. 
The pulse generator has the following characteristics: 
tr,; 
10 ns, tf'; 
10 ns, Zo = 50 n. 


B. 
Input pulse duration (tw) is increased until peak current IAS = 3 A. 


IAS 
x 
V (BR)DSX 
x 
tav 
Energy test level is defined 
as EAS = 
2 
= 
162 mJ. 


GATE-TO-SOURCE 
THRESHOLD VOLTAGE 
vs 
JUNCTION TEMPERATURE 
> 
2.5 


I 
Gl 
'"~ 
~ 
'0o.l: 
II> 
l!! 
.l:I- 


Gl 
l:! 
::Jo 
Ul 


~•• 
Cl 
~ 
0.5 
.l: 
~ 
-? 
o-~-W 
0 
W 
~ 
~ 
00 1001W 
1~1~ 


TJ - Junction 
Temperature 
- °C 


STATIC DRAIN-TO-SOURCE 
ON-STATE RESISTANCE 
vs 
JUNCTION TEMPERATURE 


o-~-W 
0 
W 
~ 
~ 
00 1001W 
1~1~ 


TJ - Junction 
Temperature 
- °C 
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1 
0.9 
0.8 
~ 
0.7 
::lo c: 
0.6 


A, 
I•• 
0.5 
l: 
g 
.~ 
ca 
c 
1n 0.4 
u 
"ii5 
~ ~ 
w 
.!! 
0.3 
I 
IV 
'2'0 
E"c 
VlO 
[? 
0.2 


30 


25 


~ 
I 
20 
!!l 
·2 
;j 
'0 
15 
••'" 
to 
E 
••~ 
10 
•• 
D. 


5 


0 


STATIC DRAIN-TO-SOURCE 
ON·STATE RESISTANCE 
vs 
DRAIN CURRENT 


- 
I 
I II 


_ 
TJ = 25°C 


V~S~4.5V 
~ 
./ 
I 
I I I 
.... 
, 
, 


VGS=5 
V 


0.10 


10 - Drain Current- 
A 


DRAIN·TO·SOURCE 
CURRENT 
vs 
DRAIN·TO·SOURCE 
VOLTAGE 


f 
I 
I 
~ 
IlVGS = 0.2 V 
VGS =4 V 
TJ = 25°C 


"'--- VGS = 3 V 


DISTRIBUTION OF 
FORWARD TRANSCONDUCTANCE 


Total Number of Units = 2196 - 
VOS=15V 
10 =0.5A 
- 
TJ = 25°C 


- 
I-- 


I-- 


- 
- 
- 


<I 
E 
f! 
2 
5u 
••~ 
::li 
l:.~ 
C 
I 
C 


o 
o 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
VOS - Drain-to-Source 
Voltage - V 


DRAIN·TO·SOURCE 
CURRENT 
vs 
GATE·TO·SOURCE 
VOLTAGE 


< 


r 
E 
~ 
::l 
U 
~ 
::lo 
VI 
~ 
l:.~ 
C 
r 
c 
0.5 
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400 


360 


320 


280 
u. 
Q. 
I 
240 
••uc: 
200 
S 
U•• 
160 
Q. 
•• 
(J 
120 


80 


40 


CAPACITANCE 
vs 
DRAIN-TO-SOURCE 
VOLTAGE 


f = 1 MHz 
VGS=O 
TJ = 25°C 


,,- 
Ciss 


'\~ 
I- 


Coss 


I 


"- 


Crss 


I 


o 
o 
4 
8 
12 
16 
20 
24 
28 
32 
36 
40 


VDS - Drain-lo-Source 
Vollage - V 


DRAIN-TO-SOURCE 
AND GATE-TO-SOURCE 
VOLTAGE 
vs 
GATE CHARGE 


60 
6 


> 
50 
5 
> 
<II 
I 
I 
c: 


•• 
•• 
I 
Ol 
Ol 
•• 
S 
40 
4 
S 
E 
~ 
~ 
i=~ 
•• 
•• 
•• 
~ 
~ 
> 
::J 
30 
3 
::J 
0 
0 
0 
u 
Ul 
Ul 
••a: 
6 
6 
cL 
';' 
';' 
~ 
c: 
~ 
of! 
20 
2 
••> 
0 
" 
•• 
I 
I 
a: 
Ul 
I 
Ul 
~ 
~ 
0 
10 
~ 
> 


0 
0.5 
1 
1.5 
2 
2.5 
3 
3.5 
4 


Og - Gale Charge - nC 


Figure 13 


SOURCE-TO-DRAIN 
DIODE CURRENT 
vs 
SOURCE-TO-DRAIN 
VOLTAGE 


0.6 


0.4 


0.2 


0.1 
0.1 
1 
10 


VSD - Source-lo-Drain 
Vollage - V 


Figure 12 


REVERSE-RECOVERY 
TIME 
vs 
REVERSE di/dt 


250 
VDS=48 
V 
VGS = 0 
IS = 0.5 A 
200 
TJ = 25°C 
See Figure 1 


150 


100 


50 


00 
100 
200 
300 
400 
500 
600 


Reverse di/dl - AI~ 


Figure 14 
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MAXIMUM DRAIN CURRENT 
vs 
DRAIN-TO-SOURCE 
VOLTAGE 


TC = 25°C 


111st 
/ 
10m~f\ 
~ 


; I~~t/ lxV 


500 llst 


I\. 


/ 
J 
DC Conditions 


V 


IIII 
II , 
0.1 
Q1 
1 
10 
VDS - Drain-to-Source Voltage - V 


t Less than 2% duty cycle 


Figure 15 


MAXIMUM PEAK·AVALANCHE 
CURRENT 
vs 
TIME DURATION OF AVALANCHE 


~ 


\\ 
TC = 25°C 


TC = 125°C 
I- 
-\ 


O~ 
1 
10 


tav - TIme Duration of Avalanche - ms 


Figure 16 
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~~ 
I 


OIl 
U 
C 
~ 
'iij 
OIlII: 
••E 
0.1 
OIl.r=l-e 
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E 


~c0 
0.01 
nc 


'"...• 
'C 
OIl 
.!:! 
••E0z 
0.001 
I 
oct...• 
CD 
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THERMAL 
INFORMATION 
ow PACKAGEt 


NORMALIZED 
JUNCTION- 
TO-AMBIENT 
THERMAL 
RESISTANCE 
vs 
PULSE 
DURATION 


DC'Conditions 
= d=0.5 


- 
d=0.2 
:.-i 


d _ 0.1 
:- 
~iii 


== d -0.05 
Ii 


_ 
d =0.02 
- 
~ 
-~ 
-- 


•••••1--' 
~ 


== d =0.01 


1/ 


/ 
/$ingle 
Pulse 


tw-.r~1JLJL 


10 


0 


I 
II II 
I 


tw - Pulse Duration - s 
t Device mounted on FR4 printed-circuit 
board with no heat sink 


NOTES: 
ZElA(t) = r(t) RaJA 
tw = pulse duration 
tc = cycle time 
d = duty cycle = tw/le 
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description 


This power logic 8-bit addressable latch controls 
open-drain 
OMOS 
transistor 
outputs 
and 
is 
designed for general-purpose 
storage applica- 
tions in digital systems. Specific uses include 
working registers, serial-holding 
registers, and 
decoders 
or demultiplexers. 
This 
is a multi- 
functional device capable of storing single-line 
data in eight addressable 
latches with 3-to-8 
decoding 
or 
demultiplexing 
mode 
active-low 
OMOS outputs. 


Four distinct modes of operation are selectable by 
controlling the clear (CLR) and enable (G) inputs 
as enumerated 
in the function 
table. 
In the 
addressable-latch mode, data at the data-in (0) 
LATCH SELECTION 
TABLE 
terminal is written into the addressed latch. The 
addressed OMOS transistor output inverts the 
data input with all unaddressed OMOS-transistor 
outputs remaining in their previous states. In the 
memory 
mode, 
all 
OMOS-transistor 
outputs 
remain in their previous states and are unaffected 
by the data or address inputs. To eliminate the 
possibility of entering erroneous data in the latch, 
enable G should be held high (inactive) while the 
address lines are changing. Inthe 3-to-8 decoding 
or demultiplexing mode, the addressed output is inverted with respect to the 0 input and all other outputs are 
high. In the clear mode, all outputs are high and unaffected by the address and data inputs. 


Separate power and logic level ground pins are provided to facilitate maximum system flexibility. Pins 1, 10, 11, 
and 20 are internally connected, and each pin must be externally connected to the power system ground in order 
to minimize parasitic inductance. A single-point connection between pin 9, logic ground (LGNO), and pins 1,10, 
11, and 20, power ground (PGNO) must be externally made in a manner that reduces crosstalk between the 
logic and load circuits. 


The TPIC6259 is characterized for operation over the operating case temperature range of -40°C to 125°C. 


• 
Low rOS(on)... 
1.3 Q Typical 
• Avalanche Energy ... 75 mJ 
• 
Eight Power DMOS Transistor Outputs of 
250-mA Continuous Current 


• 
1.5-A Pulsed Current Per Output 
• 
Output Clamp Voltage at 45 V 
• 
Four Distinct Function Modes 


• 
Low Power Consumption 


TPIC6259 
POWER LOGIC 8·BIT ADDRESSABLE 
LATCH 


DW OR N PACKAGE 
(TOP VIEW) 


PGND 
1 U 20 
PGND 


Vcc 
2 
19 
CLR 
80 
3 
18 
D 
DRAINO 
4 
17 
DRAIN? 
DRAIN1 
5 
16 
DRAIN6 
DRAIN2 
6 
15 
DRAIN5 
DRAIN3 
7 
14 
DRAIN4 
81 
8 
13 
G 
LGND 
9 
12 
82 
PGND 
10 
11 
PGND 
1- __ 
••••• 


INPUTS 
OUTPUT OF 
EACH 


CLR G 
ADDRESSED 
OTHER 
FUNCTION 
D 
DRAIN 
DRAIN 


H 
L 
H 
L 
Qlo 
Addressable 


H 
L 
L 
H 
Qlo 
Latch 


H 
H 
X 
Qlo 
Qlo 
Memory 


L 
L 
H 
L 
H 
8-Line 


L 
L 
L 
H 
H 
Demultiplexer 


L 
H 
X 
H 
H 
Clear 


SELECT INPUTS 
DRAIN 
52 
51 
SO 
ADDRESSED 


L 
L 
L 
0 
L 
L 
H 
1 


L 
H 
L 
2 
L 
H 
H 
3 
H 
L 
L 
4 


H 
L 
H 
5 
H 
H 
L 
6 


H 
H 
H 
7 


~:~~~~o:~: 
si~~:si~~~:~~~:: 
~~:~~=~8~i~ 


standard 
warranty. 
Production 
processing 
does 
not necessarily 
Include 
testing 
of all parameters. 
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TPIC6259 
POWER LOGIC 8·BIT ADDRESSABLE LATCH 


SO 
Sl 


S2 


G 


D 


CLR 


3 
:}oM" 
8 


12 


13 
r--.. 
G8 
18 
Z9 
19 
r--.. 
Z10, 
r 


- 
9,OD 
4 


- 
10,OR 


- 
9,lD 
5 
- 
10,lR 
- 
9,2D 
6 
- 
10,2R 
- 
9,3D 
7 
- 
10,3R 
- 
9,4D 
14 


- 
10,4R 


- 
9,5D 
15 
- 
10,5R 
- 
9,6D 
16 
- 
10,6R 
- 
9,7D 
17 


- 
10,7R 
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D 
18 
17 
DRAIN7 


G 
13 


eLR 
19 
1,10,11,20 
PGND 
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absolute maximum ratings over the recommended operating case temperature range (unless 
otherwise noted)t 


Logic supply 
voltage, 
Vcc 
(see Note 1) 
7 V 
Logic input voltage 
range, VI 
-0.3 
V to 7 V 
Power 
DMOS 
drain-to-source 
voltage, 
Vos 
(see Note 2) 
45 V 
Continuous 
source-drain 
diode anode 
current 
1 A 
Pulsed 
source-drain 
diode anode current 
2 A 
Pulsed 
drain current, 
each output, 
all outputs 
on, IOn, TA = 25°C (see Note 3) 
..•............... 
750 mA 
Continuous 
drain current, 
each output, 
all outputs 
on, IOn TA = 25°C 
....................•..... 
250 mA 
Peak drain current 
single output, 
10M TA = 25°C (see Noie 3) 
2 A 
Single-pulse 
avalanche 
energy, 
EAS (see Note 4) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
75 mJ 
Avalanche 
current, 
IAS (see Note 4) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
1 A 
Continuous 
total power dissipation 
See Dissipation 
Rating Table 
Operating 
virtual junction 
temperature 
range, TJ 
-40°C 
to 150°C 
Storage 
temperature 
range, Tstg 
-65°C 
to 150°C 
Lead temperature 
1.6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 


functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 


implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 
NOTES: 
1. 
All voltage values are with respect to LGND and PGND. 


2. 
Each power DMOS source is internally connected to PGND. 


3. 
Pulse duration';; 
100 ~s, duty cycle,;; 2% 


4. 
DRAIN supply voltage = 15 V, starting junction temperature, 
(TJS) = 25°C, L = 100 mH, IAS = 1 A (see Figure 4). 


DISSIPATION 
RATING TABLE 


TA';; 25°C 
DERATING FACTOR 
POWER RATING 
ABOVE TA = 25°C 


1125mW 
9.0mWrC 


1150 mW 
9.2 mW/oC 


TA = 125°C 
POWER RATING 


225mW 


230mW 
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TPIC6259 
POWER LOGIC a-BIT ADDRESSABLE LATCH 


recommended operating conditions over recommended operating temperature range (unless 
otherwise noted) 


MIN 
MAX 
UNIT 


Logic supply voltage, Vee 
4.5 
5.5 
V 


High-level input voltage, VIH 
0.85 Vee 
V 


Low-level input voltage, VIL 
0.15 Vee 
V 


Pulsed drain output current, Te = 25°C, Vee 
= 5 V (see Notes 3 and 5) 
-1.8 
1.5 
A 


Setup time, D high before Gr, tsu (see Figure 2) 
10 
ns 


Hold time, D high after Gr, th (see Figure 2) 
5 
ns 


Pulse duration, tw (see Figure 2) 
15 
ns 


Operating case temperature, 
Te 
-40 
125 
°e 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


V(BR\DSX 
Drain-source 
breakdown voltage 
ID=1 
mA 
45 
V 


VSD 
Source-drain 
diode forward voltage 
IF = 250 mA, 
See Note 3 
0.85 
1 
V 


IIH 
High-level input current 
Vee 
= 5.5 V, 
VI = Vee 
1 
J.!A 


IlL 
Low-level input current 
Vee 
= 5.5 V, 
VI =0 
-1 
J.!A 


Ice 
Logic supply current 
10=0, 
All inputs low 
15 
100 
J.!A 


IN 
Nominal current 
VDS(on) = 0.5 V, IN = ID, 
Te = 85°C, 
250 
mA 
See Notes 5, 6, and 7 


VDS =40V 
0.05 
1 


IDSX 
Off-state drain current 
IlA 
VDS =40V, 
Te = 125°C 
0.15 
5 


ID =250 
mA, 
Vee 
=4.5 V 
1.3 
2 


Static drain-source 
on-state 
ID =250 
mA, 
Te = 125°C, 
See Notes 5 and 6 
Q 
rDS(on) 
resistance 
Vee=4.5V 
and Figures 8 and 9 
2 
3.2 


ID = 500 mA, 
Vee=4.5V 
1.3 
2 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tPLH 
Propagation 
delay time, low-to-high-Ievel 
output from D 
625 
ns 


tpHL 
Propagation 
delay time, high-to-Iow-Ievel 
output from D 
eL = 30 pF, 
ID =250 
mA, 
140 
ns 


tr 
Rise time, drain output 
See Figures 1, 2, and 10 
650 
ns 


tf 
Fall time, drain output 
400 
ns 


ta 
Reverse-recovery-current 
rise time 
IF = 250 mA, 
di/dt = 20 NilS, 
100 


Reverse-recovery 
time 
See Notes 5 and 6 and Figure 3 
ns 
trr 
300 


NOTES: 
3. 
Pulse duration" 
100 Ils, duty cycle" 
2% 
5. 
Technique should limit TJ - Te to 1DoC maximum. 


6. 
These parameters are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts. 


7. 
Nominal current is defined for a consistent comparison 
between devices from different sources. It is the current that produces a 
voltage drop of 0.5 Vat Te = 85°C. 


PARAMETER 
TEST CONDITIONS 
MIN 
MAX 
UNIT 


R8JA 
Thermal resistance junction-to-ambient 
I DW package 
111 


I N package 


All 8 outputs with equal power 
°elW 
108 
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INPUT SETUP AND HOLD WAVEFORMS 
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CL = 30 pF 
(see Note B) 


NOTES: 
A. 
The word generator 
has the following characteristics: 
tr ,; 10 ns, tf ,; 10 ns, tw = 300 ns, puised repetition 
rate (PRR) = 5 kHz, 


ZO=50Q. 


B. 
CL includes probe and jig capacitance. 
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NOTES: 
A. 
The VGG amplitude 
and RG are adjusted 
for di/dt = 20 A1~s. A VGG double-pulse 
train is used to set IF = 0.25 A, where 
t1 = 10 ~s, t2 = 7~, 
and t3 = 3 ~s. 
B. 
The DRAIN terminal under test is connected to the TP K test point. Ali other terminals are connected together and connected to the 
TP A test point. 


Figure 3. Reverse-Recovery-Current 
Test Circuit and Waveforms of Source-Drain 
Diode 
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TEST CIRCUIT 
VOLTAGE AND CURRENT 
WAVEFORMS 


The pulse generator 
has the foliowing characteristics: 
tr S; 10 ns, tf S; 10 ns, Zo 
= 50 Q. 
Input pulse duration, tw, is increased until peak current IAS = 1 A. 
Energy test level is defined as EAS = IAS x V(BR)DSX x tav/2 = 75 mJ. 


Figure 4. Single-Pulse 
Avalanche 
Energy Test Circuit and Waveforms 
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DRAIN CURRENT 


STATIC DRAIN-SOURCE 
ON-STATE RESISTANCE 
vs 
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see Note A 
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• 
Low rOS(on)'" 
1.3nTyp 
• Avalanche Energy ... 
75 mJ 
• 
Eight Power DMOSTransistor Outputs of 
250-mA Continuous Current 


• 
1.5-A Pulsed Current Per Output 
• 
Output Clamp Voltage up to 45 V 
• 
Low Power Consumption 


description 


The 
TPIC6273 
is 
a 
monolithic 
high-voltage 
high-current power logic octal D-type latch with 
DMOS transistor 
outputs designed for use in 
systems that require relatively high load power. 
The device contains a built-in voltage clamp on the 
outputs for inductive transient protection. Power 
driver applications include relays, solenoids, and 
other medium-current or high-voltage loads. 


The 
TPIC6273 
contains 
eight 
positive-edge- 
triggered D-type flip-flops with a direct clear input. 
Each flip-flop 
features 
an 
open-drain 
power 
DMOS transistor output. 


When clear (CLR) is high, information at the D 
inputs meeting the setup time requirements is 
transferred to the DRAIN outputs on the positive- 
going edge of the clock pulse. Clock triggering 
occurs at a particular voltage level and is not 
directly 
related to the 
transition 
time 
of the 
positive-going pulse. When the clock input (CLK) 
is at either the high or low level, the D input signal 
has no effect at the output. An asynchronous CLR 
is provided to turn all eight DMOS-transistor 
outputs off. 


The TPIC6273 is characterized for operation over 
the operating case temperature range of -40°C 
to 125°C. 


TPIC6273 
POWER LOGIC OCTAL D·TYPE LATCH 


DW OR N PACKAGE 


(TOP VIEW) 
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tThis 
symbol is in accordance 
with ANSI/IEEE 
Standard 91-1984 
and IEC Publication 617-12. 


FUNCTION TABLE 
(each channel) 


INPUTS 
OUTPUT 


ClR 
ClK 
D 
DRAIN 


L 
X 
X 
H 
H 
i 
H 
L 
H 
i 
L 
H 
H 
L 
X 
Latched 


~~~~~;r~~:o~i: 
s=rc~~i~~si~~~:~~r~~ 
g:~~~~~~~~~m~~fs 
standard 
warranty. 
Production 
processing 
does 
not necessarily 
include 
testing of all parameters. 
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TPIC6273 
POWER LOGIC OCTAL D·TYPE LATCH 


absolute maximum ratings over recommended operating case temperature range (unless 
otherwisenoted)t 


Logic supply voltage, Vcc (see Note 1) 
7 V 
Logic input voltage range, VI 
-0.3 V to 7 V 
Power DMOS drain-to-source voltage, VOS (see Note 2) 
45 V 
Continuous source-drain diode anode current 
1 A 
Pulsed source-drain diode anode current 
2 A 
Pulsed drain current, each output, all outputs on, IOn TA = 25°C (see Note 3) 
750 mA 
Continuous drain current, each output, all outputs on: IOn TA = 25°C 
250 mA 
Peak drain current single output, 10M TA = 25°C (see Note 3) 
2 A 
Single-pulse avalanche energy, EAS (see Figure 4) 
75 mJ 
Avalanche current, IAS (see Note 4) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
1 A 
Continuous total power dissipation 
See Dissipation Rating Table 
Operating virtual junction temperature range, TJ 
-40°C 
to 150°C 
Storage temperature range, Tstg 
-65°C 
to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
NOTES: 
1. 
All voltage values are with respect to GND. 


2. 
Each power DMOS source is internally connected to GND. 


3. 
Pulse duration" 
100 Ils, duty cycle" 
2% 


4. 
DRAIN supply voltage = 15 V, starting junction temperature 
(TJS) = 25°C, L = 100 mH, IAS = 1 A (see Figure 4). 


TA,,25°C 
POWER RATING 


1125mW 


1150mW 


DERATING FACTOR 
ABOVE TA = 25°C 


9.0mW/oC 


9.2 mW/oC 


TA = 125°C 
POWER RATING 


225mW 


230mW 
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TPIC6273 
POWER LOGIC OCTAL D·TYPE LATCH 


recommended operating conditions over recommended operating temperature range (unless 
otherwise noted) 


MIN 
MAX 
UNIT 


Logic supply voltage, Vee 
4.5 
5.5 
V 


High-level input voltage, VIH 
0.85 Vee 
V 


Low-level input voltage, VIL 
0.15 Vee 
V 


Pulsed drain output current, Te = 25°C, Vee 
= 5 V (see Notes 3 and 5) 
-1.8 
1.5 
A 


Setup time, D high before eLKi, 
tsu (see Figure 2) 
10 
ns 


Hold time, D high after eLKi, 
th (see Figure 2) 
15 
ns 


Pulse duration, tw (see Figure 2) 
25 
ns 


Operating case temperature, 
Te 
-40 
125 
°e 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VIBRlDSX 
Drain-source 
breakdown voltage 
ID=1 
mA 
45 
V 


VSD 
Source-drain 
diode forward voltage 
IF = 250 mA, 
See Note 3 
0.85 
1 
V 


IIH 
High-level input current 
Vee 
= 5.5 V, 
VI = Vee 
1 
~ 


IlL 
Low-level input current 
Vee= 
5.5 V, 
VI=O 
-1 
~ 


Ice 
Logic supply current 
10=0, 
All inputs low 
15 
100 
~ 


IN 
Nominal current 
VDS(on) = 0.5 V, 
See Notes 5, 6, and 7 
250 
mA 
IN = ID, 
Te = 85°C 


VDS =40V 
0.05 
1 
IDSX 
Off-state drain current 
~ 
VDS =40V, 
Te = 125°C 
0.15 
5 


ID=250 
mA, 
Vee=4.5V 
1.3 
2 


Static drain-source 
on-state 
ID = 250 mA, 
Te = 125°C, 
See Notes 5 and 6 
2 
3.2 
Q 
rDS(on) 
resistance 
Vee 
= 4.5 V 
and Figures 8 and 9 


ID=500 
mA, 
Vee=4.5V 
1.3 
2 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tpLH 
Propagation 
delay time, iow-to-high-Ievel 
output from eLK 
625 
ns 


tpHL 
Propagation 
delay time, high-to-Iow-Ievel 
output from eLK 
eL =30 pF, 
ID=250 
mA, 
150 
ns 


tr 
Rise time, drain output 
See Figures 1, 2, and 10 
675 
ns 


tf 
Fall time, drain output 
400 
ns 


ta 
Reverse-recovery-current 
rise time 
IF=250 
mA, 
di/dt = 20 A/IlS, 
100 
See Notes 5 and 6 and Figure 3 
ns 
trr 
Reverse-recovery 
time 
300 


NOTES: 
3. 
Pulse duration,; 
100 IlS, duty cycle,; 
2% 


5. 
Technique should limit TJ - Te to 10°C maximum. 
6. 
These parameters 
are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts. 


7. 
Nominal current is defined for a consistent 
comparison 
between devices from different sources. It is the current that produces a 
voltage drop of 0.5 V at Te = 85°C. 


PARAMETER 
TEST CONDITIONS 
MIN 
MAX 
UNIT 
IDW package 
111 
RaJA 
Thermal resistance, junction-to-ambient 
I N package 
All 8 outputs with equal power 
°elW 


108 
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INPUT SETUP AND HOLD WAVEFORMS 


Figure 2. Test Circuit, Switching Times, and Voltage Waveforms 


NOTES: 
A. 
The word generator 
has the following characteristics: 
tr " 10 ns, tf " 10 ns, tw = 300 ns, pulsed repetition rate (PRR) = 5 KHz, 
ZO=50n. 


B. 
CL includes probe and jig capacitance. 
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NOTES: 
A. 
The VGG amplitude and RG are adjusted fordi/dt 
=20 A/IlS. A VGG double-pulse train is used tosetlF 
= 0.25 A, wheret1 
= 10 Ils, 


t2 = 7 Ils, and t3 = 3 Ils. 


B. 
The DRAIN terminal under test is connected to the TP K test point. All other terminals are connected together and connected to the 
TP A test point. 


Figure 3. Reverse-Recovery-Current 
Test Circuit and Waveforms of Source-Drain 
Diode 
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VOLTAGE AND CURRENT WAVEFORMS 
TEST CIRCUIT 


t Non-JEDEC symbol for aval~nche ftime. 


NOTES: 
A. 
The word generator A has the following characteristics: 
tr S 10 ns, tf S 10 ns, Zo = 50 Q. 


B. 
Input pulse duration, tw, is increased until peak currentlAS 
= 1 A. 


Energy test is defined as EAS = IAS x V(BR)DSX x tav/2 = 75 mJ, where tav = avalanche time. 
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o 
012345678 
N - Number of Outputs Conducting 
Simultaneously 
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The TPIC6595 is a monolithic, high-voltage, high- 
current power a-bit shift register designed for use 
in systems that require relatively high load power. 
The device contains a built-in voltage clamp on the 
outputs for inductive transient protection. Power 
driver applications include relays, solenoids, and 
other medium-current or high-voltage loads. 


This device contains an a-bit serial-in, parallel-out 
shift register that feeds an a-bit D-type storage 
register. Data transfers through both the shift and 
storage 
registers 
on the 
rising edge 
of the 
shift-register clock (SRCK) and the register clock 
(RCK) respectively. The storage register transfers 
data 
to 
the 
output 
buffer 
when 
shift- 
register clear (SRCLR) is high. When SRCLR is 
low,the input shift register is cleared. When output 
enable (8) is held high, all data in the output 
buffers is held low and all drain outputs are off. 
When 8is held low, data from the storage register 
is transparent to the output buffers. The serial 
output (SER OUT) allows for cascading of the data 
from the shift register to additional devices. 


Outputs 
are 
low-side, 
open-drain 
DMOS 
transistors with output ratings of 45 V and 250-mA 
continuous sink current capability. When data in the output buffers is low, the DMOS-transistor outputs are off. 
When data is high, the DMOS-transistor outputs have sink current capability. 


Separate power and logic level ground pins are provided to facilitate maximum system flexibility. Pins 1, 10, 11, 
and 20 are internally connected, and each pin must be externally connected to the power system ground in order 
to minimize parasitic inductance. A single-point connection between pin 19, logic ground (LGND) and pins 1, 
10, 11, and 20, power ground (PGND) must be externally made in a manner that reduces crosstalk between 
the logic and load circuits. 


The TPIC6595 is characterized for operation over the operating case temperature range of -40°C to 125°C. 


• 
Low rOS(on) ... 
1.3 n Typical 
• 
Avalanche Energy ... 
75 mJ 


• 
Eight Power DMOS Transistor 
Outputs of 
250-mA Continuous 
Current 


• 
1.5-A Pulsed Current Per Output 


• 
Output Clamp Voltage at 45 V 


• 
Devices Are Cascadable 


• 
Low Power Consumption 
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DRAIN1 
DRAIN2 
DRAIN3 
SRCLR 
G 
PGND 


PGND 
LGND 
SER OUT 
DRAIN? 
DRAIN6 
DRAIN5 
DRAIN4 
SRCK 
RCK 
PGND 


G 


RCK 


5 ORAIN1 


6 
ORAIN2 


7 
ORAIN3 


14 
ORAIN4 


15 ORAIN5 


16 ORAIN6 
17 
ORAIN7 
18 
SEROUT 


SRCLR 


SRCK 


t This symbol is in accordance 
with ANSI/IEEE 
Std 91-1984 
and lEG Publication 617-12. 
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standard warranty. Production processing does not necessarily Include 
testing of alt parameters. 
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RCK 


SRCLR 
8 


13 
SRCK 


o 


C1 


CLR 
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absolute maximum ratings over recommended operating case temperature range (unless 
otherwise noted)t 


Logic supply 
voltage, 
Vcc 
(see Note 1) 
7 V 
Logic input voltage 
range, VI 
-0.3 
V to 7 V 
Power 
DMOS 
drain-to-source 
voltage, 
Vos (see Note 2) 
45 V 
Continuous 
source-drain 
diode anode 
current 
1 A 
Pulsed 
source-drain 
diode anode 
current 
2 A 
Pulsed 
drain current, 
each output, 
all outputs 
on, IOn TA = 25°C (see Note 3) 
750 mA 
Continuous 
drain current, 
each output, 
all outputs 
on: IOn TA = 25°C 
250 mA 
Peak drain current 
single 
output, 
IOM,TA = 25°C (see Note 3) 
2 A 
Single-pulse 
avalanche 
energy, 
EAS (see Figure 
4) 
75 mJ 
Avalanche 
current, 
IAS (see Note 4) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
1 A 
Continuous 
total power 
dissipation 
See Dissipation 
Rating 
Table 
Operating 
virtual junction 
temperature 
range, TJ 
-40°C 
to 150°C 
Storage 
temperature 
range, Tstg 
-65°C 
to 150°C 
Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only and 
functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 


implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 


NOTES: 
1. 
All voltage values are with respect to LGND and PGND. 


2. 
Each power DMOS source is internally connected to PGND. 


3. 
Pulse duration" 
100 lJ-s.duty cycle" 
2 % 


4. 
DRAIN supply voltage = 15 V, starting junction temperature, 
(TJS) = 25°C, L = 100 mH, 'AS = 1 A (see Figure 4). 


TA,,25°C 
POWER RATING 


1125mW 


1150mW 


DERATING FACTOR 
ABOVE TA = 25°C 


9.0mWJOC 


9.2 mW/oC 


TA = 125°C 
POWER RATING 


225mW 


230mW 


"!/} 
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recommended operating conditions over recommended operating temperature range (unless 
otherwise noted) 


MIN 
MAX 
UNIT 


Logic supply voltage, VCC 
4.5 
5.5 
V 


High-level input voltage, VIH 
0.85 VCC 
V 


Low-level input voltage, VIL 
0.15 VCC 
V 


Pulsed drain output current, TC = 25°C, VCC = 5 V (see Notes 3 and 5) 
-1.8 
1.5 
A 


Setup time, SER IN high before SRCKi, 
tsu (see Figure 2) 
10 
ns 


Hold time, SER IN high after SRCKi, 
th (see Figure 2) 
10 
ns 


Pulse duration, tw (see Figure 2) 
20 
ns 


Operating case temperature, 
TC 
-40 
125 
°c 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VCBRlDSX 
Drain-source 
breakdown voltage 
10=1 
mA 
45 
V 


VSO 
Source-drain 
diode forward voltage 
IF=250mA, 
See Note 3 
0.85 
1 
V 


High-level output voltage, 
10H = -20 
mA, VCC = 4.5 V 
4.4 
4.49 
VOH 
SER OUT 
V 
IOH=-4mA, 
VCC=4.5V 
4.1 
4.3 


10H = 20 mA, 
VCC=4.5V 
0.002 
0.1 
VOL 
Low-level output voltage, SER OUT 
V 
10H = 4 mA, 
VCC=4.5V 
0.2 
0.4 


hvs 
Input hysteresis 
VOS=15V 
1.3 
V 


IIH 
High-level input current 
VCC=5.5 
V, 
VI = VCC 
1 
flA 


IlL 
Low-level input current 
VCC = 5.5 V, 
VI=O 
-1 
flA 


'CCL 
Logic supply current 
10=0, 
All inputs low 
15 
100 
~A 


ICC(FRQ) 
Logic supply current frequency 
fSRCK = 5 MHz, 
10=0, 
CL = 30 pF, 
0.6 
5 
mA 
See Figure 1, Figure 2, and Figure 6 


IN 
Nominal current 
VOS(on) = 0.5 V, 
See Notes 5, 6, and 7 
250 
mA 
IN = 10, 
TC = 85°C 


VOS = 40 V 
0.05 
1 
10SX 
Off-state drain current 
flA 
VOS = 40 V, 
TC= 
125°C 
0.15 
5 


10=250 
mA, 
VCC =4.5 
V 
1.3 
2 


Static drain-source 
on-state 
10=250 
mA, 
TC = 125°C, 
See Notes 5 and 6 
3.2 
n 
rOS(on) 
resistance 
VCC = 4.5 V 
and Figures 9 and 10 
2 


10 =500 
mA, 
VCC=4.5V 
1.3 
2 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tpLH 
Propagation 
delay time, low-to-high-Ievel 
output from G 
650 
ns 


tpHL 
Propagation 
delay time, high-to-Iow-Ievel 
output from G 
CL = 30 pF, 
10= 250 mA, 
150 
ns 


tr 
Rise time, drain output 
See Figure 1 and Figure 2 
750 
ns 


tf 
Fall time, drain output 
425 
ns 


ta 
Reverse-recovery-current 
rise time 
IF = 250 mA, 
di/dt = 20 N~s, 
100 


Reverse-recovery 
time 
See Notes 5 and 6 and Figure 3 
ns 
trr 
300 


NOTES: 
3. 
Pulse duration $ 100 ~, 
duty cycle $ 2% 


5. 
Technique should limit TJ - TC to 10°C maximum. 


6. 
These parameters are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts. 


7. 
Nominal current is defined for a consistent comparison 
between devices from different sources. It is the current that produces a 
voltage drop of 0.5 V at TC = 85°C. 
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PARAMETER 
TEST CONDITIONS 
MIN 
MAX 
UNIT 
IDW package 
111 
RaJA 
Thermal resistance, junction-to-ambient 
All 8 outputs with equal power 
°CrN 
IN package 
108 


Word 
Generator 
(see Note A) 


5V 
24V 


2 
SRCK 


8 
SRCLR VCC 
ID~ 


13 
SRCK 
RL=95Q 
GJ 


OUT 
4-7, 
Output 
3 
14-17 
SERIN 
SERIN 
DRAIN 


LGND 
PGND 


19 
1,10,11,20 


OV 
1-- 5V 
L 
OV 
------ 
5V 


OV 
f1- 
5V 
I 


CL = 30 pF 
RCK -------------1 L-- 0 V 
_ 
(see Note B) 
5 V 


SRCLR L---' 
OV 


DRAIN1 J 
C 24 V 
0.5V 


r-----' 
IIIIIIIII 
I 
L 
.J 


12 
RCK 


9 G 


ID~ 


4-7, 
14-17 


I 
~ 
I+- tpLH 
I •...--------- 
01 
I 


~ 


90% 
u pu 
__ 
10_·;'_0 
: 


-+i i+- tr 


SWITCHING 
TIMES 


5V 


2 
r-----' 
8 
SRCLR VCC 
II 
13 
I 
SRCK 
Word 
OUT 
I 
Generator 
3 
SERIN 
DRAIN 
I (see Note A) 
I 
12 
I 
RCK 
9 
I 
G 
LGND 
PGND 
L_____ 
.J 


I 
~ 
I+- tpHL 


90%~ 
24V 
I 
10% 
I 
0.5 V 


-+i I+- tf 
I 


CL=30pF 


_ 
(see Note B) 
SRC~ 
t~~~ 
\ - -- 


1,10,11,20 
tsu 
14 
.1 
I 
14 
.1 
th 


SER IN 
l.. 
_5~. 
15;.- 
- 
- 
-- 


i+-- Iw---.l 


INPUT SETUP AND HOLD WAVEFORMS 


NOTES: 
A. 
Outputs DRAIN 1,2,5, and 6 low (PGND), all other DRAIN outpuls are at 24 V. The word generator has the following characteristics: 
tr s; 10 ns, If S;10 ns, tw = 300 ns, pulsed repetilion rate (PRR) = 5 kHz, Zo = 50 Q. 


B. 
CL includes probe and jig capacitance. 
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r---------., 
I 
DRAIN I 
II 
Circuit 
I 
I 
Under 
I 
I 
Te~ 
I 
I 
I 
I 
1Ft 
I 
I 
(see Note B) 
I 
IL. 
.J 


t2 
~ 
tl 
~ 
-.JWi4- t3 


.J 
U L 
RG 


+ 
25 V-=--r 


VGG 
(see Note A) 


I 
I 
I 
I 
-----t-- 


~ 
ta -.J 
I 


I-trr-l 


CURRENT WAVEFORM 


NOTES: 
A. 
The VGG amplitude and RG are adjusted for dildt = 20 AI~. 
A VGG double-pulse 
train is used to set IF = 0.25 A, 
where t1 = 10 I!s, t2 = 7 I!s, and t3 = 3~. 
B. 
The DRAIN terminal under test is connected to the TP K test point. All other terminals are connected together and connected to the 
TP A test point. 


Figure 3. Reverse-Recovery-Current 
Test Circuit and Waveforms of Source-Drain 
Diode 


r-----., 
IIIIIIL. 
.J 


5V 
15 V 


0.11 Q 


13 
SRCK 
ID~ 
OUT 
3 
100mH 
SERIN 
4-7, 
12 
14-17 
RCK 
DRAIN 
VDS 


9 G 
LGND 
PGND 


19 
1,10,11,20 


Word 
Generator 
(see Note A) 


~ 
tw --.J~ 
t 
av 
.-J 
[_-L 
5V 
Input 
I 


See Note B 
I 
OV 
I 
I 
I 
-,- 
IAS=1 
A 


10 
I 
I 
I 
I 
I 


~ 


: 
I 
_ 
V(BR)DSX=45V 


VDS 
I 
MIN 
I 
I 


VOLTAGE AND CURRENT 
WAVEFORMS 


NOTES: 
A. 
The word generator has the following characteristics: 
tr:;; 10 ns, tf:;; 10 ns, Zo = 50 Q. 


B. 
Input pulse duration, tw• is increased until peak currentlAS 
= 1 A. 
Energy test level is defined as EAS = IAS X V(BR)DSX x tav/2 = 75 mJ, where tav = avalanche time. 


Figure 4. Single-Pulse 
Avalanche Energy Test Circuit and Waveforms 
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PEAK AVALANCHE 
CURRENT 
vs 
TIME DURATION OF AVALANCHE 


=TJS 
25°C 


....•..• ...•...•• 


SUPPLY CURRENT 
vs 
FREQUENCY 


3.5 


3 
« 
E 
I 
2.5 


'E: 
~., 
2 
(,),.. 
C. 
D. 


1.5 
., 
en 
I 
(,) 
-(,) 


0.5 


VCIC~5IVIIIIII 
I 
I 
TJS = -40°C to 125°C 


I 
/ 


~ 
V ...• 


MAXIMUM CONTINUOUS 
DRAIN CURRENT OF EACH OUTPUT 
vs 
NUMBER OF OUTPUTS CONDUCTING 
SIMULTANEOUSLY 


o 
012345678 


N - Number of Outputs Conducting 
Simultaneously 


10 


f - Frequency - MHz 


MAXIMUM PEAK DRAIN CURRENT 
OF EACH OUTPUT 
vs 
NUMBER OF OUTPUTS CONDUCTING 
SIMULTANEOUSLY 


'E: 
~., 
(,)« 
I: I 
'i! :; 
cD. 
~:; 
"0 
afti 
E •• 
.,w 
E- 
._ 0 
)( 
to:; 
I 
o 


VCC = 5 V 
TA = 25°C 
d = twit period 
= 1 msltperiod 


o 
012345678 


N - Number of Outputs Conducting 
Simultaneously 
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STATIC DRAIN-SOURCE 
ON-STATE RESISTANCE 
vs 
DRAIN CURRENT 


c: 
4 
c: 
I 
I 
G> 
VCC =5 V 
G> 
U 
U 
c 
3.5 
c 
~ 
See Note A 
~ 
'0 
'0 
G> 
3 
G> 
a: 
a: 


~ 
~ 
2.5 
in 
c 
C: 
0 
0 


G> 
2 
G> 
!! 
!! 
" 
" 
0 
0 
en 
III 
C: 
1.5 
c 
"E 
~ 
cu 
u 
~ 
~ 
TC=-40°C 
in 
0.5 
I 
0.5 
I 


C 
C 
~ 
c*- 
O 
en 
0 
E' 
0.25 
0.5 
0.75 
1.25 
1.5 
E' 
3 


10 - Drain Current 
- A 


Figure 9 


STATIC DRAIN-SOURCE 
ON-STATE RESISTANCE 
vs 
LOGIC SUPPLY VOLTAGE 


10 = 250 mA 


See Note A 


SWITCHING TIME 
vs 
FREE-AIR TEMPERATURE 
700 


600 


III 
C 
I 


G> 
500 
E 
1= 
'"c 
400 
:E~~ 
en 
I 
300 
- 


200 


tr 
~ 
=--- 
..- 
tpLH 
--.. 


10 = 250 mA 
SeeNoteA 
- 


tf 
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• 
Low rOS(on) ... 
1 Q Typ 
• 
Output Short-Circuit 
Protection 


• 
Avalanche 
Energy ... 
75 mJ 


• 
Eight 350-mA DMOS Outputs 
• 
50-V Switching 
Capability 


• 
Four Distinct 
Function 
Modes 


• 
Low Power Consumption 


description 


This power logic B-bit addressable latch controls 
open-drain 
DMOS-transistor 
outputs 
and 
is 
designed 
for 
general-purpose 
storage 
appli- 
cations in digital systems. Specific uses include 
working registers, serial-holding 
registers, and 
decoders 
or demultiplexers. 
This 
is a multi- 


functional device capable of operating as eight 
addressable latches or an B-line demultiplexer 
with active-low DMOS outputs. Each open-drain 
DMOS 
transistor 
features 
an 
independent 
chopping 
current-limiting 
circuit 
to 
prevent 
damage in the case of a short circuit. 


Four distinct modes of operation are selectable by 
controlling the clear (CLR) and enable (G) inputs 
as enumerated 
in the function 
table. 
In the 
addressable-latch mode, data at the data-in (D) 
terminal is written into the addressed latch. The 
addressed DMOS-transistor 
output inverts the 
data input with all unaddressed DMOS-transistor 
outputs remaining in their previous states. In the 
memory 
mode, 
all 
DMOS-transistor 
outputs 
remain in their previous states and are unaffected 
by the data or address inputs. To eliminate the 
possibility of entering erroneous data in the latch, 
enable G should be held high (inactive) while the 
address 
lines 
are 
changing. 
In 
the 
B-line 
demultiplexing 
mode, the addressed output is 
inverted with respect to the D input and all other 
outputs are high. In the clear mode, all outputs are 
high and unaffected by the address and data 
inputs. 


Separate power ground (PGND) and logic ground 
(LGND) 
terminals 
are 
provided 
to 
facilitate 
maximum system flexibility. All PGND terminals 
are 
internally 
connected, 
and 
each 
PGND 
terminal must be externally connected to the 
power 
system 
ground 
in order 
to 
minimize 
parasitic impedance. A single-point connection 
between 
LGND 
and 
PGND 
must 
be 
made 
externally in a manner that reduces crosstalk 
between the logic and load circuits. 


DRAIN2 
DRAIN3 
Sl 
LGND 
PGND 
PGND 
S2 
G 
DRAIN4 
DRAINS 


DRAIN2 
DRAIN3 
Sl 
LGND 
PGND 
PGND 
PGND 
PGND 
S2 
G 
DRAIN4 
DRAINS 


NEPACKAGE 


(TOP VIEW) 
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DWPACKAGE 
(TOP VIEW) 
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INPUTS 
OUTPUT OF 
EACH 
ADDRESSED 
OTHER 
FUNCTION 
CLR 
G 
D 
DRAIN 
DRAIN 
H 
L 
H 
L 
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Addressable 
H 
L 
L 
H 
Qio 
Latch 
H 
H 
X 
Qio 
Qio 
Memory 


L 
L 
H 
L 
H 
8-Line 
L 
L 
L 
H 
H 
Demultiplexer 


L 
H 
X 
H 
H 
Clear 
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DRAIN 
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description 
(continued) 


The TPIC6A259 
is offered 
in a thermally-enhanced 
dual-in-line 
(NE) package 
and a wide-body, 
surface-mount 


(DW) package. 
The TPIC6A259 
is characterized 
for operation 
over the operating 
case temperature 
range of 
-40°C 
to 125°C. 


SO 


S1 


S2 


G 
o 


CLR 
}"~ 


r--- 
G8 


Z9 


r--- Z10., 
r 


- 
9,00 


- 
10,OR 


- 
9,10 
- 
10,1R 


- 
9,20 


- 
10,2R 


- 
9,30 


- 
10,3R 


- 
9,40 
- 
10,4R 


- 
9,50 


- 
10,5R 
- 
9,60 


- 
10,6R 


- 
9,70 


- 
10,7R 
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logic diagram 
(positive 
logic) 


o 
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~ 
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C1 
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absolute maximum ratings over the recommended operating case temperature range (unless 
otherwise noted)t 


Logic supply 
voltage, 
Vcc 
(see Note 1) 
7 V 
Logic input voltage 
range, VI 
-0.3 
V to 7 V 
Power 
DMOS 
drain-to-source 
voltage, 
Vos 
(see Note 2) 
50 V 
Continuous 
source-to-drain 
diode anode current 
1 A 
Pulsed 
source-to-drain 
diode anode 
current 
(see Note 3) 
2 A 
Pulsed 
drain current, 
each output, 
all outputs 
on, 10, TC = 25°C (see Note 3) 
1.1 A 
Continuous 
drain current, 
each output, 
all outputs 
on, 10 TC = 25°C 
350 mA 
Peak drain current 
single 
output, 
TC = 25°C (see Note 3) 
1.1 A 
Single-pulse 
avalanche 
energy, 
EAS (see Figure 
6) 
75 mJ 
Avalanche 
current, 
IAS (see Note 4) 
600 mA 
Continuous 
total dissipation 
See Dissipation 
Rating Table 
Operating 
virtual junction 
temperature 
range, TJ 
-40°C 
to 150°C 
Operating 
case temperature 
range, TC 
-40°C 
to 125°C 
Storage 
temperature 
range, Tstg 
-65°C 
to 150°C 
Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 


NOTES: 
1. 
All voltage values are with respect to LGND and PGND. 


2. 
Each power DMOS source is internally connected to PGND. 


3. 
Pulse duration ~ 100 J.Is,and duty cycle ~ 2%. 


4. 
DRAIN supply voltage = 15 V, starting junction temperature 
(TJS) = 25°C, L = 210 mH, and 'AS = 600 mA (see Figure 6). 


PACKAGE 
TC ~ 25°C 
DERATING FACTOR 
TC = 125°C 
POWER RATING 
ABOVE TC = 25°C 
POWER RATING 


OW 
1750mW 
14mW/oC 
350mW 


NE 
2500 mW 
20 mWtOC 
500mW 
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LATCH 


MIN 
MAX 
UNIT 


Logic supply voltage, Vee 
4.5 
5.5 
V 


High-level input voltage, VIH 
0.85 Vee 
Vee 
V 


Low-level input voltage, VIL 
0 
0.15Vee 
V 


Pulsed drain output current, Te = 25°C, Vee 
= 5 V (see Notes 3 and 5) 
-1.8 
0.6 
A 


Setup time, D high before Gt,tsu 
(see Figure 2) 
10 
ns 


Hold time, D high before Gt, th (see Figure 2) 
5 
ns 


Pulse duration, tw (see Figure 2) 
15 
ns 


Operating case temperature, 
Te 
-40 
125 
°e 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VIBRlDSX 
Drain-to-source 
breakdown voltage 
ID=1 
mA 
50 
V 


VSD 
Source-to-drain 
diode forward 
IF=350mA, 
See Note 3 
0.8 
1.1 
V 
voltage 


IIH 
High-level input current 
VI=Vee 
1 
vA 


IlL 
Low-level input current 
VI=O 
-1 
vA 


Ice 
Logic supply current 
10=0, 
VI=VeeorO 
0.5 
5 
mA 


10K 
Output current at which chopping 
Te = 25°C, 
See Note 5 and Figures 3 and 4 
0.6 
0.8 
1.1 
A 
starts 


I(nom) 
Nominal current 
VDS(on) = 0.5 V, I(nom) = ID, 
Te= 
85°C, 
350 
mA 
Vee=5V, 
See Notes 5, 6, and 7 


VDS =40V, 
Te = 25°C 
0.1 
1 
ID 
Off-state drain current 
!!A 
VDS = 40 V, 
Te = 125°C 
0.2 
5 


Static drain-to-source 
on-state 
ID = 350 mA, 
Te = 25°C 
I See Notes 5 and 6 
1 
1.5 
rDS(on) 
resistance 
Te = 125°C I and Figures 9 and 10 


Q 


ID = 350 mA, 
1.7 
2.5 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tpHL 
Propagation 
delay time, high- to low-level output from D 
30 
ns 


tpLH 
Propagation 
delay time, low- to high-level output from D 
eL = 30 pF, 
ID = 350 mA, 
125 
ns 


tr 
Rise time, drain output 
See Figures 1, 2, and 11 
60 
ns 


tf 
Fall time, drain output 
30 
ns 


ta 
Reverse-recovery-current 
rise time 
IF=350 
mA, 
dildt = 20 A/JJS, 
100 
ns 


trr 
Reverse-recovery 
time 
See Notes 5 and 6 and Figure 5 
300 
ns 


NOTES: 
3. 
Pulse duration" 
100 J.lsand duty cycle" 
2%. 
5. 
Technique should limit TJ - TC to 10°C maximum. 


6. 
These parameters 
are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts. 
7. 
Nominal current is defined for a consistent 
comparison 
between devices from different sources. 
It is the current that produces 
a 
voltage drop of 0.5 V at Te = 85°C. 


thermal 
resistance 


PARAMETER 
TEST CONDITIONS 
MIN 
MAX 
UNIT 


DW 
10 
RaJC 
Thermal resistance, junction-to-case 
~ 
All eight outputs with equal power 
°elW 
10 


DW 
50 
RaJA 
Thermal resistance, junction-to-ambient 
I--- 
All eight outputs with equal power 
°CIW 
NE 
50 
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---.J 
[-------- 
5V 
24V 
CLR 
ov 
-1_________________ 
5V 


ID~ 
so 
ov 


RL=68Q 
l 
I 
L 


5V 
S1 
ov 
Output 
J 
I 
C 


5V 
S2 
ov 


CL = 30 pF 
U 
I 
C 


5V 
T (see Note B) 
G 
ov 
u-li------- 


5V 
D 
OV 
U 
U----- 


24V 
DRAIN5 
0.5 V 
Lr= 


24V 
DRAIN3 
0.5 V 


r----' 
III 
Word 
I 
Generator I 
I (see Note A) 
IIL 
.J 


so 
VCC 
S1 


S2 
DUT 


G 
CLR 
DRAIN 


D LGND 
PGND 


~---------------- 


I 
ov 


-+\ i+ tpLH 
-+\ 
14- tpHL 


~ 


-90-0-YO------9-0-%-~~1 - - 
24V 


10%} 
II 
10°;' 
_ 
I 
° 0.5 V 


-+\ 1+ tr 
--.I ~ 
tf 


SWITCHING TIMES 


r-----' 
I 
Word 
I 
I 
Generator 
(see Note A) 
L 
.J 
r-----' 
I 
Word 
I 
I 
Generator 
(see Note A) 
L 
.J 


G 
150% L 


5V 
CL = 30 pF 
T 
(see Note B) 
OV 
I 
-::- 
tsu 
14 
.1 
I 
14 
.1 
th 
I 


{ 
50% 
~ 
50-:;.---- 
5V 
D 


OV 
I+-- 
tw--+l 


INPUT SETUP AND HOLD WAVEFORMS 


NOTES: 
A. 
The word generator 
has the following characteristics: 
tr " 10 ns, If " 10 ns, tw = 300 ns, pulsed repetition 
rate (PRR) = 5 kHz, 
~=wn 
. 


B. 
CL includes probe and jig capacitance. 
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OUTPUT CURRENT 
vs 
TIME FOR INCREASING LOAD RESISTANCE 


1.5 


10K 
(see Notes A 
and B) 


-- - 
- 
- 


01-- 


It11 
t2 
It11 
t2 
1t11 
tl = 4011S 


t2 =2.5 ms 


c( 
I 
<: 
~ 
::l 


~ 
0.75 
c. 
'So 
I 
0.5 
_0 


First output current pulses after tum-on in chopping mode 
with resistive load. 


NOTES: 
A. 
Figure 3 illustrates the output current characteristics 
of the device energizing a load having initially low. increasing resistance, e.g., 


an incandescent 
lamp. In region 1, chopping occurs and the peak current is limited to 10K. In region 2, output current is continuous. 
The same characteristics 
occur in reverse order when the device energizes a load having an initially high, decreasing 
resistance. 


B. 
Region 1 duty cycle is approximately 
2%. 


OUTPUT CURRENT LIMIT 
vs 
CASE TEMPERATURE 


c( 
I.~ 
::i 


~ 
::l 
U 
'Sc. 
'So 
I 
_0 
0.3 
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,..---------, 
TP K 
I 
DRAIN I 
II 
Circuit 
0.35 A 
I 
Under 
I 
Te~ 
-= 
+ 
IF 
I 
L= 1 mH 
24 V-=- 
I 
1Ft 
1 
I 
(see Note B) 
0 
I 
TPA 
L _________ 
.J 
-= 
I 
I 
I 
I 
IRM 
----,-- 
(see Note C) 


~ 
ta -+l 
I 
j+-- 
trr-+t 


CURRENT WAVEFORM 


VGG 
(see Note A) 


NOTES: 
A. 
The VGG amplitude and RG are adjustedfordildt 
:20All1s. 
A VGG double-pulse 
train is used to set IF: 
0.35 A, where t1 = 10 I1s, 


t2: 
711S,and t3: 
311S. 
B. 
The DRAIN terminal under test is connected to the TP K test point. All other terminals are connected together and connected to the 
TP A test point. 


C. 
IRM: 
maximum recovery current 


5V 
15 V 
,..-----, 
VCC 
I 
S2 
10 
I 
Sl 
ID~ 
I 
Word 
SO 
I 
I 
OUT 
Generator 
G 
L=210mH 
I (see Note A) 
I 
0 
DRAIN 
VDS 
I 
CLR 
L._____ 
.J 


LGND 
PGND 


-= 
-= 


~ 
tw ---.I~ 
tavt 


Input 
I 
[-f--- 
5V 
---J See Note B 
I 
0 V 


I 
I 
-,- 
IAs=600mA 
10: 
I 


I 
_ 
V(BR)DSX 
= 50 V 
MIN 


TEST CIRCUIT 
VOLTAGE AND CURRENT 
WAVEFORMS 


t Non-JEDEC 
symbol for avalanche time. 
NOTES: 
A. 
The word generator has the following characteristics: 
tr " 10 ns, tf " 10 ns, Zo : 50 n. 


B. 
Input pulse duration, tw, is increased until peak current IAS : 600 mA. 
Energy test level is defined as EAS: 
(IAS x V(BR)DSX 
x tav)/2: 
75 mJ. 


Figure 6. Single-Pulse 
Avalanche Energy Test Circuit and Waveforms 
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MAXIMUM CONTINUOUS 
DRAIN CURRENT OF EACH OUTPUT 
vs 
NUMBER OF OUTPUTS CONDUCTING 
SIMULTANEOUSLY 


c 
~ 


'"U 
I:.~ 
0« 
~ I 
o - 
'" 
'" 
:§~ 
1:0 
8"5 
E '" 
"'w 
E- 
._ 0 
)( 
'"=-I.P 


o 
12345678 


N - Number of Outputs Conducting 
Simultaneously 


STATIC DRAIN-SOURCE 
ON-STATE RESISTANCE 
vs 
DRAIN CURRENT 


I 
\ 
VCC = 5 V 
\ 
See Note A 
- 


_ 
TC=11250C 
\ 


" 
~~rrent 
Limit 


I 
"- 


TC = 25°C 
"--'.•... 


...•.., 


............- 
-- 
TC=-40°C 


Figure 9 


NOTE A: 
Technique should limit TJ - TC to 10°C maximum. 


MAXIMUM PEAK DRAIN CURRENT 
OF EACH OUTPUT 
vs 
NUMBER OF OUTPUTS CONDUCTING 
SIMULTANEOUSLY 


0.3 


0.2 
VCC=5V 
TA = 25°C 
0.1 _ 
d = twltperiod 
d = 1 msltperiod 


o 
12345678 
N - Number of Outputs Conducting 
Simultaneously 


STATIC DRAIN-SOURCE 
ON-STATE RESISTANCE 
vs 
LOGIC SUPPLY VOLTAGE 


c:: 
I 
fl 
; 
1.75 
OJ.iij 
~ 
Gl 
~ 
I:o 
~ 
'"oen 
C 
'i!o... 
~iii 
I 


TC = 125°C 


--- 


TC = 25°C 


TC=-40°C 


10 = 350 mA 
See Note A 
C 
.2- 
en 
0 
9 
4 
5 
6 


VCC - Logic Supply Voltage - V 
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TYPICAL 
CHARACTERISTICS 


SWITCHING TIME 
vs 
CASE TEMPERATURE 


en 
c:: 
100 
I., 
E 
i= 
80 
'" 
c:: 
:E 
.9'i 
60 
Ul 


40 


TC - Case Temperature 
- °C 


NOTE A: 
Technique should limit TJ - TC to 1DOC maximum. 


NE PACKAGE 
TRANSIENT THERMAL IMPEDANCE 
vs 
ON TIME 


The single-pulse 
curve represents 
measured 
data. The curves 
for various pulse durations are based on the following equation: 


le(twl 
= the single-pulse 
thermal impedance 
for t = tw seconds 


le( tcl 
= the single-pulse 
thermal impedance 
for t = tc seconds 


le( tw + tcl 
= the single-pulse 
thermal impedance 
for t = tw + Ie seconds 
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TPIC6A595 
POWER LOGIC 8-BIT SHIFT REGISTER 


This device contains an 8-bit serial-in, parallel-out 
shift register that feeds an 8-bit, D-type storage 
register. Data transfers through both the shift and 
storage registers on the rising edge of the shift- 
register clock (SRCK) and the register clock 
(RCK), 
respectively. 
The 
storage 
register 
transfers data to the output buffer when shift- 
register clear (SRCLR) is high. When SRCLR is 
low,the input shift register is cleared. When output 
enable (G) is held high, all data in the output buffers is held low and all drain outputs are off. When G is held 
low, data from the storage register is transparent to the output buffers. The serial output (SER OUT) allows for 
cascading of the data from the shift register to additional devices. 


Outputs are low-side, open-drain DMOS transistors with output ratings of 50 V and a 350-mA continuous sink 
current capability. When data in the output buffers is low,the DMOS-transistor outputs are off. When data is high, 
the DMOS-transistor outputs have sink current capability. 


Separate power ground (PGND) and logic ground (LGND) terminals are provided to facilitate maximum system 
flexibility. All PGND terminals are internally connected, and each PGND terminal must be externally connected 
to the power system ground in order to minimize parasitic impedance. A single-point connection between LGND 
and PGND must be made externally in a manner that reduces crosstalk between the logic and load circuits. 


The TPIC6A595 is offered in a thermally-enhanced dual-in-Iine (NE) package and a wide-body surface-mount 
(DW) package. The TPIC6A595 is characterized for operation over the operating case temperature range of 
-40°C to 125°C. 


• 
Low rOS(on) ... 
1 n Typ 
• 
Output Short-Circuit 
Protection 


• 
Avalanche Energy ... 
75 mJ 


• 
Eight 350-mA DMOS Outputs 
• 
50-V Switching 
Capability 


• 
Devices Are Cascadable 


• 
Low Power Consumption 


DRAIN2 
DRAIN3 
SRCLR 
G 
PGND 
PGND 
RCK 
SRCK 
DRAIN4 
DRAIN5 


description 


The TPIC6A595 
is a monolithic, high-voltage, 
high-current 
power 
logic 
8-bit 
shift 
register 
designed for use in systems that require relatively 
high load power. The device contains a built-in 
voltage 
clamp 
on 
the 
outputs 
for 
inductive 
transient protection. 
Power driver applications 
include relays, solenoids, and other medium-cur- 
rent or 
high-voltage 
loads. 
Each open-drain 
DMOS transistor features an independent chop- 
ping current-limiting circuit to prevent damage in 
the case of a short circuit. 


DRAIN2 
DRAIN3 
SRCLR 
G 
PGND 
PGND 
PGND 
PGND 
RCK 
SRCK 
DRAIN4 
DRAIN5 


NEPACKAGE 
(TOP VIEW) 


1 U 
20 


2 
19 


3 
18 
4 
17 


5 
16 
6 
15 
7 
14 
8 
13 


9 
12 


10 
11 


DRAIN1 
DRANO 
SERIN 
Vcc 
PGND 
PGND 
LGND 
SER OUT 
DRAIN? 
DRAIN6 


OW PACKAGE 
(TOP VIEW) 
•1 
24 


2 
23 


3 
22 
4 
21 


5 
20 


6 
19 


7 
18 


8 
17 


9 
16 


10 
15 


11 
14 
12 
13 


DRAIN1 
DRAINO 
SERIN 
Vcc 
PGND 
PGND 
PGND 
PGND 
LGND 
SER OUT 
DRAIN? 
DRAIN6 


PRODUCTION 
DATA Information 
Is current 
as of publication 
dale. 
Products conform to specificatIons per the terms of Texas Instruments 
standard 
warranty. 
Production 
processing 
does 
not necessarily 
Include 
testing 
of all parameters. 
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SRCLR 


SRCK 


G 


RCK 


DRAINO 


DRAIN1 


DRAIN2 


DRAIN3 


DRAIN4 


DRAINS 


DRAIN6 


DRAIN7 


SEROUT 
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logic diagram 
(positive 
logic) 


G 


SERIN 


SRCK 


SRCLR 


D 


C1 


CLR· 


~ 
DRAINO 


~ 
DRAIN1 


~ 
DRAIN2 


I 
~ DRAIN3 


••~ 
•• 
J:U.., 
c:•• 
~ 
~ 
DRAIN4 


C 
~ 
::J 
U 


~ 
DRAINS 


~ 
DRAIN6 


~DRAIN7 
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---J 
Vcc 


- 
{} 
SER OUT 
Input 


25 V 


---1 'GND 


absolute 
maximum 
ratings 
over 
recommended 
operating 
case 
temperature 
range 
(unless 
otherwise 
noted)t 


Logic supply voltage, Vcc (see Note 1) 
7 V 
Logic input voltage range, VI 
-0.3 V to 7 V 


Power DMOS drain-to-source voltage, VOS (see Note 2) 
50 V 


Continuous source-drain diode anode current 
1 A 
Pulsed source-drain diode anode current (see Note 3) 
2 A 
Pulsed drain current, each output, all outputs on, IOn TA = 25°C (see Note 3) 
1.1 A 
Continuous drain current, each output, all outputs on: IOn TA = 25°C 
350 mA 
Peak drain current, single output, TA = 25°C (see Note 3)' 
1.1 A 
Single-pulse avalanche energy, EAS (see Figure 6) 
75 mJ 
Avalanche current, 'AS (see Note 4) 
600 mA 
Continuous total dissipation 
See Dissipation Rating Table 
Operating case temperature range, TC 
-40°C to 125°C 
Operating virtual junction temperature range, TJ 
-40°C to 150°C 


Storage temperature range, Tstg 
-65°C to 150°C 


Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 


functional 
operation of the device at these or any other conditions beyond those indicated under "recommended 
operating conditions" 
is not 


implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 


NOTES: 
1. 
All voltage values are with respect to LGND and PGND. 
2. 
Each power DMOS source is internally connected to PGND. 


3. 
Pulse duration,; 
100 JlS and duty cycle,; 
2 %. 
4. 
DRAIN supply voltage; 
15 V, starting junction temperature 
(TJS) ; 25°C, L ; 210 mH, IAS ; 600 mA (see Figure 6). 


PACKAGE 
TC'; 
25°C 
DERATING FACTOR 
TC; 
125°C 
POWER RATING 
ABOVE TC ; 25°C 
POWER RATING 


DW 
1750mW 
14mW/oC 
350mW 


NE 
2500mW 
20mW/oC 
500mW 
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MIN 
MAX 
UNIT 


Logic supply voltage, VCC 
4.5 
5.5 
V 


High-level input voltage, VIH 
0.85 VCC 
VCC 
V 


Low-level input voltage, VIL 
0 
Q.15 VCC 
V 


Pulsed drain output current, TC = 25°C, VCC = 5 V (see Notes 3 and 5) 
-1.8 
0.6 
A 


Setup time, SER IN high before SRCKi, 
tsu (see Figure 2) 
10 
ns 


Hold time, SER IN high after SRCKi, 
th (see Figure 2) 
10 
ns 


Pulse duration, tw (see Figure 2) 
20 
ns 


Operating case temperature, 
TC 
-40 
125 
°c 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


V(BR)OSX 


Orain-to-source 
breakdown 
10= 1 mA 
50 
V 
voltage 


VSO 


Source-to-drain 
diode 
IF = 350 mA, 
See Note 3 
0.8 
1.1 
V 
forward voltage 


VOH 
High-level output voltage, 
10H =-20)lA 
VCC-0.1 
VCC 
V 
SER OUT 
10H =-4 
mA 
VCC-0.5 
VCC-0.2 


Low-level output voltage, 
10L = 20)lA 
0 
0.1 
VOL 
V 
SER OUT 
10L= 4 mA 
0.2 
0.5 


IIH 
High-level input current 
VI = VCC 
1 
)lA 


IlL 
Low-level input current 
VI = 0 
-1 
)lA 


10(chop) 
Output current at which 
TC = 25°C, 
0.6 
0.8 
1.1 
A 
chopping starts 
See Note 5 and Figures 3 and 4 


ICC 
Logic supply current 
10=0, 
VI=VccorO 
0.5 
5 
mA 


ICC(FRQ) 


Logic supply current at 
fSRCK = 5 MHz, 
10=0, 
CL = 30 pF, 
1.3 
mA 
frequency 
VI = VccorO, 
VCC=5V, 
See Figure 7 


I(nom) 
Nominal current 
VOS(on) = 0.5 V, 
I(nom) = 10, TC = 85°C, 
350 
mA 
VCC=5V, 
See Notes 5, 6, and 7 


VOS =40V, 
TC = 25°C 
0.1 
1 
10 
Orain current, off-state 
VOS =40V, 
TC = 125°C 
)lA 
0.2 
5 


10=350 
mA, 
TC = 25°C 
1 
1.5 


rOS(on) 
Static drain-source 
on-state 


10 =350 
mA, 
TC = 125°C 
See Notes 5 and 6 
resistance 
and Figures 10 and 11 
1.7 
2.5 
Q 


10=350 
mA, 
TC = 40°C 


NOTES: 
3. 
Pulse duration s 100 )ls and duty cycle S 2% 
5. 
Technique should limit TJ - TC to 10°C maximum. 
6. 
These parameters are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts. 
7. 
Nominal current is defined for a consistent comparison 
between devices from different sources. It is the current that produces a 
voltage drop of 0.5 V at TC = 85°C. 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tpHL 
Propagation delay time, high-to-Iow-Ievel 
output from G 
30 
ns 


tpLH 
Propagation delay time, low-to-high-Ievel 
output from G 
CL = 30 pF, 
10=350 
mA, 
125 
ns 


tr 
Rise time, drain output 
See Figures 1, 2, and 12 
60 
ns 


tf 
Fall time, drain output 
30 
ns 


ta 
Reverse-recovery-current 
rise time 
IF= 350 mA, 
dildt = 20 NilS, 
100 
ns 


trr 
Reverse-recovery 
time 
See Notes 5 and 6 and Figure 5 
300 
ns 


NOTES: 
5. 
Technique should limitTJ 
- TC to 10°C maximum. 


6. 
These parameters are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts. 


PARAMETER 
TEST CONDITIONS 
MIN 
MAX 
UNIT 


OW 
10 
RaJC 
Thermal resistance, junction-to-case 
- 
All eight outputs with equal power 
°CIW 
NE 
10 


OW 
50 
RaJA 
Thermal resistance, junction-to-ambient 
- 
All eight outputs with equal power 
°CIW 
NE 
50 
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SRCK 
OUT 


SER IN 
DRAIN 


24V 


SRCK 


ID~ 
J 
RL=68Q 
G 


Output 
SERIN 


CL = 30 pF 
RCK 
n== 
T 
(see Note B) 


SRCLR LJ 
_ 
OV 
L 24V 


0.5 V 
J 
::: 


NOTES: 
A. 
The word generator 
has the following characteristics: 
tr" 
10 ns, tf" 
10 ns, tw = 300 ns, pulsed repetition 
rate (PRR) = 5 kHz, 


Zo = 50 Q. 


B. 
CL includes probe and jig capacitance. 


r----.., 
III 
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I 
Generator 
I (see Note A) 
I 
I 
IL 
.J 


SRCLR VCC 


SRCK 
OUT 


SER IN 
DRAIN 


RCK 


G 


I 


~ 
~tPLH 
I 
I 
90% 
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I 


1 


~ 
~tr 


SWITCHING 
TIMES 


~ 
tpHL 


90% 
--- 
24V 


RL=68Q 


Output 
I 


CL=30pF 
(see Note B) 


SRC~ 
••••__ 
••..•. 
t_50~ 
\ 
_ 


I" 
.1 
I 
I<l 
~ 
th 


SER I_N 
t.. 
_5~o 
t~o: 
- 
- 
-- 


~ 
tw----.j 


INPUT SETUP AND HOLD WAVEFORMS 


NOTES: 
A. 
The word generator 
has the following characteristics: 
tr ,; 10 ns, tf " 10 ns, tw = 300 ns, pulsed repetition 
rate (PRR) = 5 kHz, 


Zo=50Q. 


B. 
CL includes probe and jig capacitance. 
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I 
C 
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_ 
0.75 
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I 
0.5 
_0 


OUTPUT CURRENT 
vs 
TIME FOR INCREASING LOAD RESISTANCE 


1.5 


-- - 
~ 
- 


0- 
I t11 
t2 
I t11 
t2 
I t11 


t1 = 40 ~s 


t2 = 2.5 ms 


10K 
(see Notes A and B) 


Time 
I 


Time 


First output current pulses after turn-on in chopping mode with 
resistive load. 


NOTES: 
A. 
Figure 3 illustrates the output current characteristics 
of the device energizing a load having initially low, increasing resistance, e.g., 


an incandescent 
lamp. In region 1, chopping occurs and the peak current is limited to 10K. In region 2, output current is continuous. 


The same characteristics 
occur in reverse order when the device energizes a load having an initially high, decreasing 
resistance. 


B. 
Region 1 duty cycle is approximately 
2%. 


Figure 3. Chopping-Mode Characteristics 
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NOTES: 
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Word 
Generator 
(see Note A) 


SINGLE-PULSE 
AVALANCHE 
ENERGY TEST CIRCUIT 
t Non JEDEC symbol for avalanche time. 
NOTES: 
A. 
The word generator has the following characteristics: 
tr ~ 10 ns. tf ~ 10 ns. Zo = 50 n. 


B. 
Input pulse duration, twois increased until peak current 'AS = 600 mA. 
Energy test level is defined as EAS = (IAS x V(BR)DSX x tav)/2 = 75 mJ. 


Figure 6. Single-Pulse 
Avalanche 
Energy Test Circuit and Waveforms 
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NOTE A: 
Technique should limit TJ - TC to 1Q°C maximum. 
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The single-pulse curve represents measured data. The 
curves for various 
pulse durations 
are based on the 
following equation: 


ze(twl 
= the single-pulse 
thermal impedance 
for t = tw seconds 


Ze{tcl 
= the single-pulse 
thermal impedance 
for t = Ie seconds 


Ze{tw + tc) = the single-pulse 
thermal impedance 


for t = tw + Ie seconds 
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This power logic 8-bit addressable latch controls 
open-drain 
DMOS-transistor 
outputs 
and 
is 
designed 
for 
general-purpose 
storage 
applications 
in digital systems. 
Specific 
uses 
include working registers, serial-holding registers, 
and decoders or demultiplexers. This is a multi- 
functional device capable of storing single-line 
data in eight addressable 
latches and 3-to-8 
decoder or demultiplexer with active-low DMOS 
outputs. 


Four distinct modes of operation are selectable by 
controlling the clear (CLR) and enable (G) inputs 
as enumerated 
in the function 
table. 
In the 
addressable-latch mode, data at the data-in (D) 
terminal is written into the addressed latch. The 
addressed 
DMOS-transistor 
output inverts the 
data input with all unaddressed DMOS-transistor 
outputs remaining in their previous states. In the 
memory 
mode, 
all 
DMOS-transistor 
outputs 
remain in their previous states and are unaffected 
by the data or address inputs. To eliminate the 
possibility of entering erroneous data in the latch, 
enable G should be held high (inactive) while the 
address lines are changing. In the 3-to-8 decoding 
or demultiplexing mode, the addressed output is 
inverted with respect to the D input and all other 
outputs are off. In the clear mode, all outputs are off and unaffected by the address and data inputs. When data 
is low for a given output, the DMOS-transistor output is off. When data is high, the DMOS-transistor output has 
sink-current capability. 


Outputs are low-side, open-drain DMOS transistors with output ratings of 50 V and 150-mA continuous 
sink-current capability. Each output provides a 500-mA typical current limit at TC = 25°C. The current limit 
decreases as the junction temperature increases for additional device protection. 


The TPIC6B259 is characterized for operation over the operating case temperature range of -40°C to 125°C. 


• 
Low rOS(on) ••• 5 n Typical 
• 
Avalanche Energy ... 30 mJ 
• 
Eight Power DMOS-Transistor Outputs of 
150-mA Continuous Current 


• 
500-mA Typical Current-Limiting 
Capability 


• 
Output Clamp Voltage ... 50 V 
• 
Four Distinct Function Modes 
• 
Low Power Consumption 
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absolute maximum ratings over the recommended operating case temperature range (unless 
otherwise noted)t 


Logic supply 
voltage, 
Vcc 
(see Note 1) 
7 V 
Logic input voltage 
range, VI 
-0.3 
V to 7 V 
Power 
DMOS 
drain-to-source 
voltage, 
Vos 
(see Note 2) 
50 V 
Continuous 
source-to-drain 
diode anode 
current 
500 mA 
Pulsed 
source-to-drain 
diode anode current 
(see Note 3) 
1 A 
Pulsed 
drain current, 
each output, 
all outputs 
on, 10, TC = 25°C (see Note 3) 
500 mA 
Continuous 
drain current, 
each output, 
all outputs 
on, 10, TC = 25°C 
150 mA 
Peak drain current 
single output, 
10M, T C = 25°C (see Note 3) 
500 mA 
Single-pulse 
avalanche 
energy, 
EAS (see Figure 4) 
30 mJ 
Avalanche 
current, 
IAS (see Note 4) 
500 mA 
Continuous 
total dissipation 
See Dissipating 
Rating Table 
Operating 
virtual junction 
temperature 
range, TJ 
-40°C 
to 150°C 
Operating 
case temperature 
range, TC 
-40°C 
to 125°C 
Storage 
temperature 
range 
-65°C 
to 150°C 
Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
NOTES: 
1. 
All voltage values are with respect to GND. 
2. 
Each power DMOS source is internally connected to GND. 
3. 
Pulse duration,; 
100 ~s and duty cycle,; 
2%. 
4. 
DRAIN supply voltage = 15 V, starting junction temperature 
(TJS) = 25°C, L = 200 mH, IAS = 0.5 A (see Figure 4). 


DISSIPATION 
RATING TABLE 


PACKAGE 
TC,;25°C 
DERATING FACTOR 
TC = 125°C 
POWER RATING 
ABOVE TC = 25°C 
POWER RATING 


OW 
1389 mW 
11.1 mW/oC 
278mW 


N 
1050mW 
10.5 mW/oC 
263mW 
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MIN 
MAX 
UNIT 


Logic supply voltage, VCC 
4.5 
5.5 
V 


High-level input voltage, VIH 
0.85 VCC 
V 


Low-level input voltage, VIL 
0.15 VCC 
V 


Pulsed drain output current, TC = 25°C, VCC = 5 V (see Notes 3 and 5) 
-500 
500 
mA 


Setup time, D high before Gi, tsu (see Figure 2) 
20 
ns 


Hold time, D high after Gi, th (see Figure 2) 
20 
ns 


Pulse duration, tw (see Figure 2) 
40 
ns 


Operating case temperature, 
TC 
-40 
125 
°c 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


V(BR)DSX 
Drain-to-source 
breakdown 
ID= 
1 mA 
50 
V 
voltage 


VSD 
Source-to-drain 
diode forward 
IF= 100mA 
0.85 
1 
V 
voltage 


IIH 
High-level input current 
VCC =5.5 V, 
VI = VCC 
1 
!iA 


IlL 
Low-level input current 
VCC = 5.5 V, 
VI =0 
-1 
!iA 
IAll outputs off 
20 
100 
ICC 
Logic supply current 
VCC = 5.5 V 
IAll outputs on 
150 
300 
IlA 


IN 
Nominal current 
VDS(on) = 0.5 V, 
IN=ID, 
TC = 85°C, 
90 
mA 
See Notes 5, 6, and 7 


VDS = 40 V, 
VCC=5.5 
V 
0.1 
5 
IDSX 
Off-state drain current 
!iA 
VDS = 40 V, 
VCC=5.5 
V, 
TC = 125°C 
0.15 
8 


ID = 100 mA, 
VCC=4.5V 
4.2 
5.7 


Static drain-to-source 
on-state 
ID = 100 mA, 
VCC=4.5 
V, 
See Notes 5 and 6 
6.8 
9.5 
Q 
rDS(on) 
resistance 
TC = 125°C 
and Figures 6 and 7 


ID =350 
mA, 
VCC =4.5 V 
5.5 
8 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tpLH 
Propagation 
delay time, low-to-high-Ievel 
output from D 
150 
ns 


tPHL 
Propagation 
delay time, high-to-Iow-Ievel 
output from D 
CL = 30 pF, 
ID= 100 mA, 
90 
ns 


tr 
Rise time, drain output 
See Figures 1, 2, and 8 
200 
ns 


tf 
Fall time, drain output 
200 
ns 


ta 
Reverse-recovery-current 
rise time 
IF= 100mA, 
dildt = 20 NilS, 
100 
See Notes 5 and 6 and Figure 3 
ns 
trr 
Reverse-recovery 
time 
300 


NOTES: 
3. 
Pulse duration,;; 100 Ils and duty cycle,;; 2%. 
5. 
Technique should limit TJ - TC to 1Q°C maximum. 


6. 
These parameters are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts. 


7. 
Nominal current is defined for a consistent comparison 
between devices from different sources. It is the current that produces a 
voltage drop of 0.5 V at TC = 85°C. 
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PARAMETER 
TEST CONDITIONS 
MIN 
MAX 
UNIT 
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IN package 
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NOTES: 
A. 
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has the following characteri~'tics; tr " 10 ns, tf " 10 ns, tw = 300 ns, pulsed repetition rate (PRR) = 5 kHz, 


ZO=50Q. 


B. 
CL includes probe and jig capacitance. 
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NOTES: 
A. 
The word generator 
has the following characteristics: 
tr " 10 ns, tf " 10 ns, tw = 300 ns, pulsed repetition 
rate (PRR) = 5 kHz, 


ZO=50Q. 


B. 
CL includes probe and jig capacitance. 


Figure 2. Test Circuit, Switching 
Times, and Voltage Waveforms 
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NOTES: 
A. 
The DRAIN terminal under test is connected to the TP K test point. All other terminals are connected together and connected to the 
TP A test point. 


B. 
The VGG amplitude and RG are adjusted for dildt = 20 AIl's. A VGG double-pulse 
train is used to set IF = 0.1 A, where t1 = 10 l's, 
t2 = 7 l's, and t3 = 3 l'S. 


Figure 3. Reverse-Recovery-Current 
Test Circuit and Waveforms of Source-to-Drain 
Diode 
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NOTES: 
A. 
The word generator has the following characteristics: 
tr,; 
10 ns, tf'; 
10 ns, Zo = 50 n. 


B. 
Input pulse duration, tw, is increased until peak current IAS = 0.5 A. 
Energy test level is defined as EAS = IAS xV (BR)DSX x tav/2 = 30 mJ. 


Figure 4. Single-Pulse 
Avalanche Energy Test Circuit and Waveforms 
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• 
Low 
rOS(on) ... 
5 Q Typical 
• 
Avalanche Energy 
... 
30 mJ 
• 
Eight Power DMOS-Transistor 
Outputs of 
150-mA Continuous 
Current 


• 
500-mA Typical Current-Limiting 
Capability 


• 
Output Clamp Voltage ... 
50 V 


• 
Low Power Consumption 


description 


The TPIC6B273 
is a monolithic, high-voltage, 
medium-current, power logic octal D-type latch 
with DMOS-transistor outputs designed for use in 
systems that require relatively high load power. 
The device contains a built-in voltage clamp on the 
outputs for inductive transient protection. Power 
driver applications include relays, solenoids, and 
other medium-current or high-voltage loads. 


The TPIC6B273 
contains eight positive-edge- 
triggered D-type flip-flops with a direct clear input. 
Each flip-flop 
features 
an 
open-drain 
power 
DMOS-transistor output. 


When clear (CLR) is high, information at the D 
inputs meeting the setup time requirements is 
transferred to the DRAIN outputs on the positive- 
going edge of the clock (CLK) pulse. Clock 
triggering occurs at a particular voltage level and 
is not directly related to the transition time of the 
positive-going pulse. When the clock input (CLK) 
is at either the high or low level, the D input signal 
has no effect at the output. An asynchronous CLR 
is provided to turn all eight DMOS-transistor 
outputs off. When data is low for a given output, 
the DMOS-transistor output is off. When data is 
high, the DMOS-transistor output has sink-current 
capability. 


Outputs 
are 
low-side, 
open-drain 
DMOS 
transistors with output ratings of 50 V and 150-mA 
continuous sink-current capability. Each output 
provides 
a 
500-mA 
typical 
current 
limit 
at 
TC = 25°C. The current limit decreases as the 
junction 
temperature 
increases 
for 
additional 
device protection. 


The TPIC6B273 is characterized for operation 
over the operating case temperature range of 
-40°C to 125°C. 
. 
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CLR 
D1 
D2 


DRAIN1 


DRAIN2 


DRAIN3 


DRAIN4 
D3 
D4 
GND 


DW OR N PACKAGE 
(TOP VIEW) 


1 U 20 
Vcc 


2 
19 
DB 


3 
18 
D7 


4 
17 
DRAINB 


5 
16 
DRAIN7 


6 
15 
DRAIN6 


7 
14 
DRAIN5 


8 
13 
D6 


9 
12 
D5 


10 
11 
CLK 


logic symbolt 


ClR 
1 


11 
ClK 


2 
4 
D1 
1D 
DRAIN1 
3 
5 
D2 
DRAIN2 
8 
6 
D3 
DRAIN3 
9 
7 
D4 
DRAIN4 
12 
14 
D5 
DRAIN5 
13 
15 
D6 
DRAIN6 
18 
16 
D7 
DRAIN7 
19 
17 
D8 
DRAIN8 


tThis 
symbol is in accordance 
with ANSI/IEEE 
Standard 91-1984 
and IEC Publication 617-12. 


FUNCTION TABLE 
(each channel) 


INPUTS 
OUTPUT 


ClR 
ClK 
D 
DRAIN 


l 
X 
X 
H 
H 
i 
H 
l 
H 
i 
l 
H 
H 
l 
X 
latched 


~~~~~~~~o~1: 
S:~~~i~~sl~~~~:~~r~~ 
g:-te~:~i~~~~~m~~~ 
standard 
warranty. 
Production 
processing 
does not necessarily 
include 
testing 
of all parameters. 
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TPIC6B273 
POWER LOGIC OCTAL OoTYPE LATCH 


absolute maximum ratings over recommended operating case temperature range (unless 
otherwise noted)t 


Logic supply 
voltage, 
Vcc 
(see Note 1) 
7 V 
Logic input voltage 
range, VI 
-0.3 
V to 7 V 
Power 
DMOS 
drain-to-source 
voltage, 
Vos 
(see Note 2) 
50 V 
Continuous 
source-to-drain 
diode anode 
current 
500 mA 
Pulsed 
source-to-drain 
diode anode 
current 
(see Note 3) 
1 A 
Pulsed drain current, 
each output, 
all outputs 
on, 10, TC = 25°C (see Note 3) 
500 mA 
Continuous 
drain current, 
each output, 
all outputs 
on, 10, TC = 25°C 
150 mA 
Peak drain current 
single output, 
10M,TC = 25°C (see Note 3) 
500 mA 
Single-pulse 
avalanche 
energy, 
EAS (see Figure 4) 
30 mJ 
Avalanche 
current, 
IAS (see Note 4) 
500 mA 
Continuous 
total dissipation 
See Dissipation 
Rating Table 
Operating 
virtual junction 
temperature 
range, TJ 
-40°C 
to 150°C 
Operating 
case temperature 
range, TC 
' 
-40°C 
to 125°C 
Storage 
temperature 
range 
-65°C 
to 150°C 
Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional 
operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
NOTES: 
1. 
All voltage values are with respect to GND. 
2. 
Each power DMOS source is internally connected to GND. 
3. 
Pulse duration,; 
100 ~s and duty cycle,; 
2%. 
4. 
DRAIN supply voltage = 15 V, starting junction temperature 
(TJS) = 25°C, L = 200 mH, 'AS = 0.5 A (see Figure 4). 


DISSIPATION 
RATING TABLE 


TC'; 
25°C 
DERATING 
FACTOR 
POWER RATING 
ABOVE TC = 25°C 


1389mW 
11.1 mW;oC 


1050 mW 
10.5 mW/oC 


TC = 125°C 
POWER RATING 


278mW 


263mW 
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MIN 
MAX 
UNIT 


logic 
supply voltage, Vee 
4.5 
5.5 
V 


High-level input voltage, V,H 
0.85 Vee 
V 


low-level 
input voltage, V,l 
0.15 Vee 
V 


Pulsed drain output current, Te = 25°C, Vee 
= 5 V (see NotE'S3 and 5) 
-500 
500 
mA 


Setup time, 0 high before elKi, 
tsu (see Figure 2) 
20 
ns 


Hold time, 0 high after elKi, 
th (see Figure 2) 
20 
ns 


Pulse duration, tw (see Figure 2) 
40 
ns 


Operating case temperature, 
Te 
-40 
125 
°e 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


V(BR)OSX 
Orain-to-source 
breakdown 
10=1 
mA 
50 
V 
voltage 


VSO 
Source-to-drain 
diode forward 
'F=100mA 
0.85 
1 
V 
voltage 


IIH 
High-level input current 
Vee 
= 5.5 V, 
V, = Vee 
1 
JlA 


III 
low-level 
input current 
Vee=5.5 
V, 
V,=O 
-1 
JlA 
I All outputs off 
20 
100 
Ice 
logic 
supply current 
Vee=5.5V 
I All outputs on 
150 
300 


JlA 


IN 
Nominal current 
VOS{on) = 0.5 V, 
IN= '0, 
Te = 85°C, 
90 
mA 
See Notes 5, 6, and 7 


VOS = 40 V, 
Vee=5.5V 
0.1 
5 


'OSX 
Off-state drain current 
JlA 
VOS =40V, 
Vee 
=5.5 V, 
Te = 125°C 
0.15 
8 


10 = 100mA, 
Vee=4.5V 
4.2 
5.7 


Static drain-to-source 
on-state 
10 = 100 mA, 
Vee 
=4.5 V, 
See Notes 5 and 6 
6.8 
9.5 
Q 
rOS(on) 
resistance 
Te = 125°C 
and Figures 6 and 7 


10 = 350 mA 
Vee 
=4.5 V 
5.5 
8 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tplH 
Propagation 
delay time, low-to-high-Ievel 
output from elK 
150 
ns 


tpHl 
Propagation delay time, high-to-Iow-Ievel 
output from elK 
el 
= 30 pF, 
10 = 100 mA, 
90 
ns 


tr 
Rise time, drain output 
See Figures 1, 2, and 8 
200 
ns 


tf 
Fall time, drain output 
200 
ns 


ta 
Reverse-recovery-current 
rise time 
'F= 
100 mA, 
di/dt = 20 NilS, 
100 
See Notes 5 and 6 and Figure 3 
ns 
trr 
Reverse-recovery 
time 
300 


NOTES: 
3. 
Pulse duration S 100 llS and duty cycle S 2%. 
5. 
Technique should limit TJ - Te to 1Qoe maximum. 


6. 
These parameters are measured with voltage-se1sing,contacts 
separate from the current-carrying 
contacts. 


7. 
Nominal current is defined for a consistent comparison 
between devices from different sources. It is the current that produces a 
voltage drop of 0.5 V at Te = 85°C. 
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PARAMETER 
TEST CONDITIONS 
MIN 
MAX 
UNIT 
low package 
90 
RSJA 
Thermal resistance, junction-to-ambient 
I N package 
All 8 outputs with equal power 
°CIW 
95 


5V 
24 V 


20 
10~ 
5V 
CLK 
VCC 
235Q 
OV 
r----' 
11 
OUT 
5V 
I 
CLK 
4-7, 
Output 
0 
I 
14-17 
OV 
I 
Word 
I 
DRAIN 
I 
Generator 
0 
U _________ 
5V 
I (see Note A) I 
CL = 30 pF 
CLR J 
I 
CLR 
T (see Note B) 
OV 
I 
I 
GNO 
L. ____ 
.J 
24V 
10 
Output 
0.5 V 


TEST CIRCUIT 
VOLTAGE WAVEFORMS 


4-7, 


DRAIN 
14-17 


Output 


Output 


CLK~50% 


-+i 
~ 
tpLH 


I 
190% 
10%; 
: 


-.I ~ tr 


SWITCHING TIMES 


0 
1 
:: 
\ ----i~~-:: 


--+i 
j4-tPHL 
I 


900/0k- 
24V 


I 
10% 


I 
0.5 V 


-+I 14-tf 


r--W-;"d"-' 
I 
Generator 
I 
L.~'=.~~~.J 
r--Y;;;.d"-' 
I 
Generator 
I 
L.~'=.~~~.J 
GNO 
10 


CL=30pF 
T (see Note B) 


CLK \ 
__ 
(•..•._5~ 
\--- 


tsu 
I.. 
• 
I 
I 
i4.1 
th 


0 
•..l.__ 
5~o~ 
__ 
1500/0----- 


~ 
tw----.l 


INPUT SETUP AND HOLD WAVEFORMS 


Figure 2. Test Circuit, Switching 
Times, and Voltage Waveforms 


NOTES: 
A. 
The word generator 
has the following characteristics: 
tr,; 
10 ns, tf'; 
10 ns, tw = 300 ns, pulsed repetition 
rate (PRR) = 5 KHz, 


ZO=50n. 


B. 
CL includes probe and jig capacitance. 
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r---------, 


I 
DRAINI 
IIIIIIIIL 
.J 


Circuit 


Un~~r 
I 


Te~ 


2500)111- 
T 250 V 


-=- 
+ 


l=1 
mH 
25V1 


TPA 
-=- 


1Ft 
(see Note A) 


I. ta -+I 
I 
I 
I 
~trr~ 


CURRENT WAVEFORM 


VGG 
(see Note B) 


NOTES: 
A. 
The DRAIN terminal under test is connected to the TP K test point. All other terminals are connected together and connected to the 
TP A test point. 


B. 
The VGG amplitude and RG are adjusted for di/dt = 20 AI)1s. A VGG double-pulse train is used to set IF = 0.1 A, where t1 = 10 )1S, 
t2 = 7 )1s,and t3 = 3 )1S. 


Figure 3. Reverse-Recovery-Current 
TE!stCircuit and Waveforms of Source-to-Drain 
Diode 


*- tw -+I.-.L 
I 
I _.1_~_ 
5V 


Input 
I 
[ 
I 
---J 
See Note B 
I 
0 V 


I 
i 
-1- IAS=0.5A 


I 
I 
I 
ID 
I 
I 


I 
I 


~ 


: 
I __ 
V(BR)DSX=50V 
VDS 
I 
MIN 


I 
I 


VOLTAGE AND CURRENT WAVEFORMS 


20 


VCC 


ClR 
ID~ 
r------, 
11 
DUT 
I 
Word 
ClK 
4-7, 
I 
Generator 
14-17 
I 
(see Note A) 
D 
DRAIN 
L______ 
.J 
GND 


10 


-=- 


NOTES: 
A. 
The word generator has the following characteri~,tics: tr,; 10 ns, tf'; 
10 ns, Zo = 50 Q. 


B. 
Input pulse duration, tw, is increased until peak current IAS = 0.5 A. 
Energy test is defined as EAS = 'AS x V(BR)DSX x tav/2 = 30 mJ. 


Figure 4. Single-Pulse 
Avalanche Energy Test Circuit and Waveforms 
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PEAK AVALANCHE CURRENT 
vs 
TIME DURATION OF AVALANCHE 


TC = 25°C 
-- 


STATIC DRAIN-TO-SOURCE 
ON-STATE RESISTANCE 
vs 
LOGIC SUPPLY VOLTAGE 


IO=100mA 
r-... 
See Note A 
........ •.............. 
TC = 125°C 
r--- ---- - 
I--- 


TC = 25°C 
--- 
r--- 


TC 
40°C 
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'E 
0.4 
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~ 
J 
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cO 
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0.2 
E 
co 
E ~ 0.15 
_0 
>< 
~ 
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I 
c 
0.05 


MAXIMUM CONTINUOUS 
DRAIN CURRENT OF EACH OUTPUT 
vs 
NUMBER OF OUTPUTS CONDUCTING 
SIMULTANEOUSLY 


o 
12345678 


N - Number of Outputs Conducting 
Simultaneously 


MAXIMUM PEAK DRAIN CURRENT 
OF EACH OUTPUT 
vs 
NUMBER OF OUTPUTS CONDUCTING 
SIMULTANEOUSLY 
c( 
I 
'5; 
0 
.t:" 
cow 
'0 
C 
~ 
"0c 
'i!c 
"'"co 
ell 
D- 
E 
0.1 
" 
E)( 
co 
0.05 
:; 
I 
0 
.E 
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VCC=5V 
TC = 25°C 
d = twf!period 
= 1 msltperiod 
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description 


The TPIC68595 
is a monolithic, high-voltage, 
medium-current 
power 
8-bit 
shift 
register 
designed for use in systems that require relatively 
high load power. The device contains a built-in 
voltage 
clamp 
on 
the 
outputs 
for 
inductive 
transient 
protection. Power driver applications 
include relays, solenoids, and other medium- 
current or high-voltage loads. 


This device contains an 8-bit serial-in, parallel-out 
shift register that feeds an 8-bit D-type storage 
register. Data transfers through both the shift and 
storage 
registers 
on the 
rising edge 
of the 
shift-register clock (SRCK) and the register clock 
(RCK), 
respectively. 
The 
storage 
register 
transfers data to the output buffer when shift- 
register clear (SRCLR) is high. When SRCLR is 
low,the input shift register is cleared. When output 
enable (G) is held high, all data in the output 
buffers is held low and all drain outputs are off. 
When G is held low, data from the storage register 
is transparent to the output buffers. When data in 
the output buffers is low, the DMOS-transistor 
outputs are off. When data is high, the DMOS- 
transistor outputs have sink-current capability. 
The serial output (SER OUT) allows for cascading 
of the data from the shift register to additional 
devices. 


Outputs are low-side, open-drain DMOS transistors with output ratings of 50 V and 150-mA continuous sink- 
current capability. Each output provides a 500-mA typical current limit at TC = 25°C. The current limit decreases 
as the junction temperature increases for additional device protection. 


The TPIC68595 is characterized for operation over the operating case temperature range of -40°C to 125°C. 


• 
Low rOS(on) ... 
5 Q Typical 
• 
Avalanche Energy ... 
30 mJ 
• 
Eight Power OMOS-Transistor 
Outputs of 
150-mA Continuous 
Current 


• 
500-mA Typical Current-Limiting 
Capability 


• 
Output Clamp Voltage ... 
50 V 


• 
Devices Are Cascadable 


• 
Low Power Consumption 


TPIC6B595 
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ow OR N PACKAGE 


(TOP VIEW) 


1 U 20 


2 
19 
3 
18 


4 
17 


5 
16 
6 
15 


7 
14 
8 
13 


9 
12 


10 
11 


NC 
Vcc 
SERIN 
DRAINO 
DRAIN1 
DRAIN2 
DRAIN3 
SRCLR 
G 
GND 


NC 
GND 
SEROUT 
DRAIN? 
DRAIN6 
DRAINS 
DRAIN4 
SRCK 
RCK 
GND 


G 


RCK 


4 
ORAl NO 
5 ORAIN1 


ORAIN2 


SRCLR 
SRCK 


6 


7 
ORAIN3 
14 
ORAIN4 
15 
ORAIN5 
16 
ORAIN6 
17 


[> 2 
ORAIN7 
18 
SER OUT 


tThis 
symbol is in accordance 
with ANSI/IEEE 
Std 91-1984 
and IEC Publication 617-12. 


PRODUCTION 
DATA 
information 
I. 
current as 01 publication 
date. 
Products 
conform 
to specIfications 
per the terms 
of Texas Instrument. 
standard warranty. Production processing does not necessarily Include 
testing of all parameters. 
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logic diagram (positive logic) 


G 
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RCK 
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SRCLR 
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SRCK 
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absolute maximum ratings over recommended operating case temperature range (unless 
otherwise noted)t 


Logic supply 
voltage, 
Vcc 
(see Note 1) 
7 V 
Logic input voltage 
range, VI 
-0.3 
V to 7 V 
Power 
DMOS 
drain-to-source 
voltage, 
Vos (see Note 2) 
50 V 
Continuous 
source-to-drain 
diode anode 
current 
500 mA 
Pulsed 
source-to-drain 
diode anode 
current 
(see Note 3) 
1 A 
Pulsed 
drain current, 
each output, 
all outputs 
on, 10, T C = 25°C (see Note 3) 
500 mA 
Continuous 
drain current, 
each output, 
all outputs 
on, 10, TC = 25°C 
150 mA 
Peak drain current 
single output, 
10M,TC = 25°C (see Note 3) 
500 mA 
Single-pulse 
avalanche 
energy, 
EAS (see Figure 4) 
30 mJ 
Avalanche 
current, 
IAS (see Note 4) 
500 mA 
Continuous 
total dissipation 
See Dissipation 
Rating 
Table 
Operating 
virtual junction 
temperature 
range, TJ 
-40°C 
to 150°C 
Operating 
case temperature 
range, TC 
-40°C 
to 125°C 
Storage 
temperature 
range 
-65°C 
to 150°C 
Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 


NOTES: 
1. 
All voltage values are with respect to GND. 


2. 
Each power DMOS source is internally connected to GND. 
3. 
Pulse duration" 
100 lls and duty cycle" 
2%. 
4. 
DRAIN supply voltage = 15 V. starting junction temperature 
(TJS) = 25°C. L = 200 mHo IAS = 0.5 A (see Figure 4). 


DISSIPATION 
RATING TABLE 


TC " 25°C 
DERATING 
FACTOR 
POWER RATING 
ABOVE TC = 25°C 


1389 mW 
11.1 mW/oC 


1050 mW 
10.5 mW/oC 


TC = 125°C 
POWER RATING 


278mW 


263mW 
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MIN 
MAX 
UNIT 


Logic supply voltage, VCC 
4.5 
5.5 
V 


High-level input voltage, VIH 
0.85 VCC 
V 


Low-level input voltage, VIL 
0.15 VCC 
V 


Pulsed drain output current, TC = 25°C, VCC = 5 V (see Notes 3 and 5) 
-500 
500 
mA 


Setup time, SER IN high before SRCKi, 
tsu (see Figure 2) 
20 
ns 


Hold time, SER IN high after SRCKi, 
th (see Figure 2) 
20 
ns 


Pulse duration, tw (see Figure 2) 
40 
ns 


Operating case temperature, 
TC 
-40 
125 
°c 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


V{BR)OSX 
Drain-to-source 
breakdown voltage 
10=1 
mA 
50 
V 


VSO 
Source-to-drain 
diode forward 
IF= 100rnA 
0.85 
1 
V 
voltage 


High-level output voltage, 
IOH = -20 
lJA, VCC = 4.5 V 
4.4 
4.49 
VOH 
V 
SEROUT 
IOH =-4 
mA, 
VCC=4.5V 
4 
4.2 


Low-level output voltage, 
IOL=20~, 
VCC=4.5V 
0.005 
0.1 
VOL 
V 
SEROUT 
IOL=4mA, 
VCC=4.5V 
0.3 
0.5 


IIH 
High-level input current 
VCC= 
5.5V, 
VI=VCC 
1 
lJA 


IlL 
Low-level input current 
VCC = 5.5 V, 
VI=O 
-1 
IlA 


All outputs off 
20 
100 
ICC 
Logic supply current 
VCC=5.5V 
All outputs on 
150 
300 
IlA 


ICC(FRQ) 
Logic supply current at frequency 
fSRCK = 5 MHzCL = 30 pF, 
0.4 
5 
mA 
All output:; off, 
See Figures 2 and 6 


IN 
Nominal current 
VOS(on) " 0.5 V, 
See Notes 5, 6, and 7 
90 
mA 
IN= 10, 
TC = 85°C 


VOS = 40 V, 
VCC = 5.5 V 
0.1 
5 
10SX 
Off-state drain current 
~ 
VOS = 40 V, 
VCC = 5.5 V, 
TC = 125°C 
0.15 
8 


10 = 100 rnA, 
VCC=4.5V 
4.2 
5.7 


Static drain-source 
on-state 
10 = 100 rnA, 
TC = 125°C, 
See Notes 5 and 6 
6.8 
9.5 
n 
rOS(on) 
resistance 
VCC=4.~; 
V 
and Figures 7 and 8 


10 = 350 r1A, 
VCC=4.5V 
5.5 
8 


NOTES: 
3. 
Pulse duration,:; 
100 IlS and duty cycle,:; 2%. 


5. 
Technique should limit TJ - TC to 10°C maximun. 


6. 
These parameters are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts. 


7. 
Nominal current is defined for a consistent comparison 
between devices from different sources. It is the current that produces a 
voltage drop of 0.5 V at TC = 85°C. 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tpLH 
Propagation 
delay time, low-to-high-Ievel 
output from G 
150 
ns 


tpHL 
Propagation delay time, high-to-Iow-Ievel 
output from G 
CL; 
30 pF, 
10; 100 mA, 
90 
ns 


tr 
Rise time, drain output 
See Figures 1, 2, and 9 
200 
ns 


tf 
Fall time, drain output 
200 
ns 


ta 
Reverse-recovery-current 
rise time 
IF;100mA, 
dVdt ; 20 NIlS, 
100 
ns 
trr 
Reverse-recovery 
time 
See Notes 5 and 6 and Figure 3 
300 


NOTES: 
5. 
Technique should limit TJ - TC to 10°C maximum. 


6. 
These parameters are measured with voltage-sensing 
contacts separate from the current-carrying 
contacts. 


PARAMETER 
TEST CONDITIONS 
MIN 
MAX 
UNIT 


lOW 
package 
90 
RaJA 
Thermal resistance, junction-to-ambient 
IN package 
All 8 outputs with equal power 
°CfIN 
95 


5V 
24V 
7 
6 
5 
4 
3 
2 
1 
0 
SRCK 
----- 
5V 
2 
r----' 
ID~ 
OV 
8 
SRCLR VCC 
I 
GJ 
L 


5V 
I 
13 
RL = 235 n 
OV 
I 
SRCK 
4-7, 
------ 
5V 
OUT 
Output 
I 
Word 
3 
14-17 
SERIN 
I Generator 
SERIN 
DRAIN 
OV 
n== 


5V 
I (see Note A) I 
12 
RCK 
CL = 30 pF 
RCK 
OV 
I 
9 
T 


(see Note B) 
I 
G 
SRCLR L-J ____________ 
5V 
I 
I 
GND 
OV 
L. ____ 
.J 


10,11,19 
DRAIN1 J 
C 


24V 


0.5 V 


TEST CIRCUIT 
VOLTAGE WAVEFORMS 


NOTES: 
A. 
The word generator 
has the following characteristics: 
tr ,;; 10 ns, tf ,;; 10 ns, tw ; 300 ns, pulsed repetition 
rate (PRR) ; 5 kHz, 
ZO; 50 n. 


B. 
CL includes probe and jig capacitance. 
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r----' 
II 
I 
Word 
I 
I Generator 
I(see Note A) I 
IIL. 
.J 


5V 
G 
50% 
50% 


5V 
24 V 
I 
I 
OV 


-.I 
I+- tpLH 
-+i 
I+-tPHL 


2 
1 
--- 
24V 
8 
SRCLR VCC 
Output 


1 
90% 
90% 


ID+ 
10% 
I 
13 
RL = ~~35Q 
I 
SRCK 
4-7, 
Output 
-+i 
j4- tr 
DUT 
14-17 
3 
SERIN 
DRAIN 
SWITCHING TIMES 


12 
RCK 


9 G 
GND 
I 


CL= 
30pF 


.,. 
(see Note B) 
SRc~ 
/~._50~ 
\ 
_ 


14 
.1 
I 
I" 
.1 
th 


SER IN 
•.•l.__ 
5~. 
t 5~----- 
1..-- tw--.l 


INPUT SETUP AND HOLD WAVEFORMS 


NOTES: 
A. 
The word generator 
has the following characteri~tics: 
tr" 
10 ns, tf" 
10 ns, tw = 300 ns, pulsed repetition rate (PRR) = 5 kHz, 
ZO=50Q. 


B. 
CL includes probe and jig capacitance. 


r---------, 
TP K 
I 
DRAIN I 
II 
Circuit 
0.1 A 
,~~ 
1 
I 
Under 
T 250V 
I 
Te~ 
I 
-=- 
+ 
IF 
I 
L= 1 mH 
25 V-=- 


1Ft 
-r 
I 
(see Note A) 
0 
I 
TPA 
L. _________ 
.J 
-=- 


VGG 
(see Note B) 


NOTES: 
A. 
The DRAIN terminal under test is connected to the TP K test point. All other terminais are connected together and connected to the 
TP A test point. 


B. 
The VGG amplitude and RG are adjusted for dVdb, 20 AlllS. A VGG double-pulse train is used to set IF= 0.1 A, where t1 = 10 lls, 
t2 = 7 llS, and t3 = 3 llS. 


Figure 3. Reverse-Recovery-Current 
Test Circuit and Waveforms of Source-to-Drain 
Diode 
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10.5Q 


ID~ 


200 mH 


4-7, 
14-17 
DRAIN 
VDS 


~ 
tw--'~ 
--JI 
[--l--~-5V 
Input 
I 


See Note B 
I 
OV 


I 
---1- IAS = 0.5 A 


I 
I 
I 


10 
I 
I 
I 


I 


~ 


: 
I 
I_V(BR)DSX=50V 


VDS 
I 
MIN 


I 


r-----' 
IIII 
I 
IL. 
.J 


Word 
Generator 
(see Note A) 


OUT 


3 
SER IN 


12 


GND 


10,11,19 


NOTES: 
A. 
The word generator has the following characteristics: 
tr " 10 ns, tf " 10 ns, Zo = 50 Q. 


B. 
Input pulse duration, tw, is increased until peak current IAS = 0.5 A. 
Energy test level is defined as EAS = IAS x V(BR)DSX x tav/2 = 30 mJ. 


Figure 4. Single-Pulse Avalanche Energy Test Circuit and Waveforms 


PEAK AVALANCHE CURRENT 
vs 
TIME DURATION OF AVALANCHE 


SUPPLY CURRENT 
vs 
FREQUENCY 


10 


TC = 25°C 


<I: 
I 
4 
i: 
~ 
::l 
() 
2 


'".c 
" 
c:toiii 
~••to 


'"lL 
0.4 
I 
en~ 
0.2 


0.1 
0.1 
0.2 
0.4 
2 
4 
10 


tav - TIme Duration 
of Avalanche 
- ms 


Figure 5 


2.5 


<I: 
2 
E 
Ii:~ 
::; 
1.5 
() 
>- 
Q. 
Q. 
::l 
en 
I 
()~ 


0.5 


I 
1 II1III1 
I 
I 


VCC = 5 V 
TC = -40°C 
to 125°C 


I 
/ 


- 


./'" 


10 


f - Frequency 
- MHz 
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DRAIN-TO-SOURCE 
ON-STATE RESISTANCE 
vs 
DRAIN CURRENT 


18 
VCC=5V 
See Note A 


o 
o 
100 
200 
300 
400 
500 
600 
700 


10 - Drain Current 
- mA 


STATIC DRAIN·TO·SOURCE 
ON-STATE RESISTANCE 
vs 
LOGIC SUPPLY VOLTAGE 


8 


7 


6 


5 


4 


3 


TC=-40°C 
2 


50 
-50 
-25 
0 
25 
50 
75 
100 
125 


Tc: - Case Temperature 
- °C 
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'E 
0.4 
~ 
::>() 
0.35 
'"'i!o <t 
0.3 
~ 
I 
g &. 0.25 
"'- 
;:;::> 
"'0 
8-n 
0.2 
E •• 
~ ~ 0.15 
_0 
)( 
~ 
0.1 
I 
o 
0.05 
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MAXIMUM CONTINUOUS 
DRAIN CURRENT OF EACH OUTPUT 
vs 
NUMBER OF OUTPUTS CONDUCTING 
SIMULTANEOUSLY 


o 
12345678 


N - Number of Outputs Conducting 
Simultaneously 


MAXIMUM PEAK DRAIN CURRENT 
OF EACH OUTPUT 
vs 
NUMBER OF OUTPUTS CONDUCTING 
SIMULTANEOUSLY 
<t 
I 
'S 
Q. 
'So~u••w 
'0 
E~:; 
() 


'""i!o... 
••&. 


E 
::> 
E 
";c 
~ 
0.05 
I 
o 


VCC = 5 V 
TC = 25°C 
d = twltperiod 
= 1 msltperiod 
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The 
power 
logic 
quad 
D-type 
latch 


pulse-width-modulation 
(PWM) driver 
controls 
open-drain 
DMOS 
transistor 
outputs 
and 
is 
designed for applications that require relatively 
high 
power. 
The 
device 
contains 
a 
built-in 


snubbing clamp and recirculation clamp on the 
outputs for inductive transient 
protection and 
inductive energy recirculation respectively. Power 
driver applications include solenoids and other 
medium-current 
or 
high-voltage 
loads. 
Each 
open-drain 
DMOS 
transistor 
features 
an 
independent 
user-programmable 
PWM circuit 
that works in conjunction with the recirculation 
clamping diode in order to control the average 
current in inductive-load applications. The PWM 
circuit 
provides 
a programmable 
current-limit 
threshold that disables the output until the next 
rising 
edge 
of 
the 
independent 
PWM 
programmable clock. Each clock is generated 
from a user-programmable 
internal or external 
clock 
reference 
that 
in turn 
is programmed 
independently 
for 
each 
output 
through 
a 
frequency divide-by circuit. 


User-programmable 
functions 
are 
controlled 
through 
32 
EEPROM 
bits. 
These 
bits 
are 
programmed 
by placing the TPIC6E175 
into 
program mode by taking PGM high. The address to be programmed isthen set up on dual functionality terminals 
AO-A4 (see Tables 1 and 2). The data bit to be programmed is set up on DATA 110, and Vpp is then ramped 
from VCC to VpPH and back to VCC to program the bit. The programming data can then be verified by taking VER 
high while monitoring DATA 110, which gives the value of the data at the address selected on AO-A4. For each 
user-programmable parameter, Table 3 shows the binary programming values and the option selected by each 
programming value. 


The TPIC6E175 contains four positive-edge-triggered D-type flip-flops with direct clear input. Each flip-flop 
features an open-drain power DMOS-transistor output. 


• 
Programmable-PWM 
Current Threshold 


• 
Programmable-PWM 
Frequency Controlled 
by Internal or External Oscillator 


• 
Integrated Output Recirculation 
Clamp 
Diodes 


• 
Low rOS(on) ... 
1 Q Typ 
• 
Four Power MOSFET Outputs 
• 
Integrated Snubbing 
Clamp Voltage at 40 V 


• 
Low Power Consumption 


OSCIVER 
DRAIN1 
CLR/AO 
D1/A1 
GND 
GND 
D2/A2 
CLKlA3 
DRAIN2 
D3/A4 


NE PACKAGE 
(TOP VIEW) 


1 U 20 
VCC 


2 
19 
ORAl NO 
3 
18 
DATA I/O 


4 
17 
Vpp 
5 
16 
GND 
6 
15 
GND 


7 
14 
04 
8 
13 
PGM 
9 
12 
DRAIN3 


10 
11 
VDD 


PRODUCT 
PREVIEW 
Information 
concerns 
products 
in the formatiYe or 
C 


pha8e 
of 
devefopment 
Charletertltic 
data 
_nd 
other 


lions art design 9011•. Teus Instruments 
rnerYeS the right to 
nge or discontinue 
theM 
products 
wtthout 
notice. 
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OSC/VER 


DRAINO - DRAIN3 


CLR/AO 
D1/A1 


GND 
D2/A2 
D3/A4 


D4 


VCC 
DATA I/O 
Vpp 
PGM 


VDD 
CLK/A3 


Oscillator /Verify 


Drain Output 0 to 3 
Clear/Address 
0 
Data 1/Address 
1 


Ground 
Data 2/Address 
2 


Data 3/Address 
4 


Data 4 
Logic Supply Voltage 


Program Data InpuVOutput 
Programming 
Supply Voltage 
Program Enable 


OutpurSupply 
Voltage 
Clock/Address 
3 


FUNCTION TABLE 
(each channel) 


INPUTS 
OUTPUT DRAIN 
CLR 
CLK 
D 


L 
X 
X 
H 
H 
i 
H 
L 
H 
i 
L 
H 
H 
L 
X 
Latched 
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description 
(continued) 


When clear (ClR) 
is high, information 
at tho D inputs meeting 
the setup time requirements, 
is transferred 
to the 
DRAIN 
outputs 
on the positive-going 
edgH of the clock 
(ClK) 
pulse. 
Clock 
triggering 
occurs 
at a particular 
voltage 
level and is not directly 
related to tile transition 
time of the positive-going 
pulse. When 
the clock input 
(ClK) 
is at either the high or low level, the D input signal has no effect at the output. 
An asynchronous 
ClR 
is 
provided 
to turn all four DMOS-transistor 
outputs 
off. When data is low for a given output, 
the DMOS-transistor 
output 
is off. When 
data is high, the DMOS-transistor 
output 
has sink-current 
capability. 


For proper operation, 
VDD must be connected 
to a voltage 
source 
equal to or greater 
than the maximum 
drain 
voltage 
in the application. 


The TPIC6E175 
is offered 
in a 20-pin 
thermally-enhanced 
dual-in-line 
(NE) package 
and is characterized 
for 
operation 
over the operating 
case temperature 
range of -40°C 
to 125°C. 
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ClR 
OUTO 


OUT1 
01 


Core-logic 
2 DRAIN1 
Function 


02 


(see Detail A) 


OUT2 


03 
OUT3 


04 
3: 
W 
9 DRAIN2 -> 
ClK 
Wa: 
c.. 
t- 


Int/Ext 
0 
Osc 
::J 
Decoder 
C 
12DRAIN3 
0 


BitO 
a: 
c.. 


Bit1 
Selected 
Bit9 
Bit 2 
} 
DRAINO 
Frequencies 
DRAIN2{ 
Bit 10 
Bit 3 
Select 
Select 
Bit 11 
Bit 4 
PWM-Frequency 
Bit 12 
Bit5 
Multiplexer 
Bit 13 
Bit6 
} 
DRAIN1 
DRAIN3{ 
Bit14 
ClR 
Bitl 
Select 
Select 
Bit15 
01 
Bit8 
Bit16 
ClK 


02 


03 


04 
OUT3 


Detail A 
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ALL DRAIN OUTPUTS 


VDD 


GND 
GND 
-0 
::c 
DATAVO 
0 
VCC 
J-- 
cc0 
DATAVO 
}-- 


~ 
-0 
::c 
m<- 
m 
:E 
GND 


VCC 
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TERMINAL 


I/O 
DESCRIPTION 
NAME 
NO. 


DATA I/O 
1B 
1/0 
Programming 
data input/output 


DRAINO 
19 
0 
Drain outputs 0-3 
DRAIN1 
2 
DRAIN2 
9 
DRAIN3 
12 


D2IA2 
7 
1 
Data 2 or Address 2 


GND 
5,6,15,16 
- 
Ground 


OSCNER 
1 
I 
Oscillator or Programming verify 


PGM 
13 
I 
Program enable 


D3/A4 
10 
I 
Data 3 or Address 4 


CLRlAO 
3 
I 
Clear or Address 0 


CLKlA3 
8 
0 
Clock or Address 3 


D1/A1 
4 
I 
Data 1 or Address 1 


D4 
14 
I 
Data 4 


VCC 
20 
- 
Logic supply voltage 


VDD 
11 
- 
Output supply voltage 


Vpp 
17 
- 
Programming 
supply voltage 
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TERMINAL 
NUMBER 
NORMAL 
MODE 
PROGRAM 
MODE 
(PGM = L) 
(PGM=H) 


1 
OSC 
VER 


3 
CLR 
AO 


4 
D1 
A1 


7 
D2 
A2 


8 
CLK 
A3 


10 
D3 
A4 


BIT 
USER-PROGRAMMABLE 
DESCRIPTIONt 
NO. 
ADDRESS 
PARAMETER 


0 
00000 
Internal/External 
Oscillator 
Selects internal or external oscillator to be used for PWM clock 


1 
(LSB) 
00001 
2 
00010 
DRAINO 
Selects PWM frequency based on internaVexternal clock frequency and the 
3 
00011 
Frequency Multiplexer 
number of divide-by-2s 
chosen 
4 
(MSB) 
00100 


5 
(LSB) 
00101 
6 
00110 
DRAIN1 
Selects PWM frequency based on internal/external 
clock frequency and the 


7 
00111 
Frequency Multiplexer 
number of divide-by-2s 
chosen 
8 
(MSB) 
01000 


9 
(LSB) 
01001 
10 
01010 
DRAIN2 
Selects PWM frequency based on internal/external 
clock frequency and the 
11 
01011 
Frequency Multiplexer 
number of divide-by-2s 
chosen 
12 
(MSB) 
01100 


13 
(LSB) 
01101 
14 
01110 
DRAIN3 
Selects PWM frequency 
based on internaVexternal clock frequency 
and the 
15 
01111 
Frequency Multiplexer 
number of divide-by-2s 
chosen 
16 
(MSB) 
10000 


17 
(LSB) 
10001 
DRAINO 
18 
10010 
Current Sense Adjust 
Selects the peak current for the PWM-chop mode 
19 
(MSB) 
10011 


20 
(LSB) 
10100 
DRAIN1 
21 
10101 
Current Sense Adjust 
Selects the peak current for the PWM-chop mode 
22 
(MSB) 
10110 


23 
(LSB) 
10111 
DRAIN2 
24 
11000 
Current Sense Adjust 
Selects the peak current for the PWM-chop mode 
25 
(MSB) 
11001 


26 
(LSB) 
11010 
DRAIN3 
27 
11011 
Current Sense Adjust 
Selects the peak current for the PWM-chop mode 
28 
(MSB) 
11100 


29 
(LSB) 
11101 
30 
11110 
Oscillator Frequency Adjust 
Selects the frequency of the internal oscillator 
31 
(MSB) 
11111 
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PROGRAMMABLE 
PARAMETER 
OPTION SELECTED 
BINARY VALUE 
MSB< ... 
> LSB 


Internal Oscillator 
0 
Internal/External 
Oscillator 
External Oscillator 
1 


Oscillator + 1 
0000 


Oscillator + 2 
0001 


Oscillator + 4 
0010 


Oscillator + 8 
0011 


Oscillator + 16 
0100 


Oscillator + 32 
0101 


Oscillator + 64 
0110 


Frequency Multiplexer for All 
Oscillator + 128 
0111 


Drain Outputs 
Oscillator + 256 
1000 


Oscillator + 512 
1001 


Oscillator + 1024 
1010 


Oscillator + 2048 
1011 


Oscillator + 4096 
1100 


Oscillator + 8192 
1101 


Oscillator + 16384 
1110 


Oscillator + 32768 
1111 


300 mAt 
000 


400 mAt 
001 


500 mAt 
010 


Current Sense Adjust for All 
600 mAt 
011 


Drain Outputs 
700 mAt 
100 


800 mAt 
101 


900 mAt 
110 


1000 mAt 
111 


Internal Oscillator, Frequency = 1.2 MHz 
000 


Internal Oscillator, Frequency = 1.1 MHz 
001 


Internal Oscillator, Frequency = 0.9 MHz 
010 


Internal Oscillator, Frequency = 0.8 MHz 
011 
Oscillator Frequency Adjust 
Internal Oscillator, Frequency = 0.6 MHz 
100 


Internal Oscillator, Frequency = 0.5 MHz 
101 


Internal Oscillator, Frequency = 0.3 MHz 
110 


Internal Oscillator, Frequency = 0.1 MHz 
111 
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absolute maximum ratings over operating case temperature range (unless otherwise noted)t 


Logic supply voltage, VCC (see Note 1) 
7 V 
Logic input voltage range, VI 
-0.3 V to 7 V 
Output supply voltage, Voo (see Note 1) 
40 V 
Programming supply voltage during programming, Vpp (see Notes 1 and 2) 
16 V 
Programming supply voltage, verify/normal operation, Vpp 
7 V 
Power DMOS drain-to-source voltage, VOS (see Note 3) 
40 V 
Continuous source-to-drain diode current 
1 A 
Pulsed source-to-drain diode current (see Note 3) 
1 A 
PWM output current, each output, all outputs on, IO(PWM), TA = 25°C, d = 10% 
(see Note 4 and Figure 10) 
900 mA 
PWM output current, each output, all outputs on, IO(PWM), TA = 25°C, d = 50% 


(see Note 4 and Figure 9) 
800 mA 
Peak drain current, single output, IO(PWM), TA = 25°C (see Notes 3 and 4) 
1 A 
Avalanche current, I(av) (see Note 5 and Figure 7) 
1 A 
Single-pulse avalanche energy, EA (see Note 5 and Figure 7) 
100 mJ 
Continuous total power dissipation 
See Dissipation Rating Table 
Operating case temperature range, TC 
-40°C 
to 125°C 
Operating virtual junction temperature range, TJ 
-40°C 
to 150°C 
Storage temperature range, Tstg 
: 
-65°C 
to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 
t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended 
op.erating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
NOTES: 
1. 
All voltage values are with respect to GND. 
2. 
For programming 
waveform, see Figure 2. 


3. 
Each power DMOS source is internally connected to GND. Pulse duration :5100 jls, duty cycle :52%. 


4. 
Output current depends upon program current-sense 
adjust and load conditions. 


5. 
Vsupply = 24 V, starting junction temperature, 
(TJS) = 25°C, L = 87 mH, 'AS = 1 A. 


PACKAGE 
TC:525°C 
OPERATING 
FACTOR 
TC = 125°C 
POWER RATING 
ABOVE TC = 25°C 
POWER RATING 


NE 
2775 mW 
20 mW/oC 
775mW 


NE on FR-4 PCB 
4163mW 
33.3 mW/oC 
833 mW 


MIN 
MAX 
UNIT 


Logic supply voltage, VCC 
4.5 
5.5 
V 


Output supply voltage, VDD 
40 
V 


Programming 
supply voltage during programming. 
Vpp 
12 
15 
V 


Programming 
supply voltage during verify or normal operation, Vpp 
VCC-0.7 
VCC 
V 


High-level input voltage, VIH 
0.85VCC 
VCC 
V 


Low-level input voltage, VIL 
0 
0.15VCC 
V 


Operating case temperature, 
TC 
-40 
125 
°c 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


V(BR)DSX 
Drain-source 
breakdown voltage 
ID= 1 mA 
40 
V 


VSD 
Source-drain 
diode forward voltage 
IF= 
1 A 
1 
1.5 
V 


VOH(DATA I/O) 
High-level data output voltage 
IOH=-100~, 
VCC=4.5V 
4.25 
4.48 
V 


VOUDATA 
1/0) 
Low-level data output voltage 
10L = 100 llA, 
VCC =4.5 V 
200 
250 
mV 


Vf 
Forward clamp voltage 
If= 1 A 
1.35 
2 
V 


IIH 
High-level input current 
VCC=5.5V, 
VI = VCC 
1 
~A 


IlL 
Low-level input current 
VCC=5.5 
V, 
VI = 0 
-1 
~A 


ICC 
Logic supply current 
10=0, 
All inputs low 
1.6 
5 
mA 


ICC(freq) 
Logic supply current at frequency 
SRCK=5 
MHz, 
10=0 
5.5 
mA 


VDD =40V, 
VDS = 35 V 
0.2 
1 
IDS 
Olf-state drain current 
llA 
VDD =40V, 
VDS = 30 V, 
TC = 125°C 
1 
5 


ID=200 
mA, 
VCC=4.5V 
1 
1.5 
Static drain-to-source 
ID=200 
mA, 
VCC =4.5 V, 
TC = 125°C 
1.6 
2.4 
Q 
rDS(on) 
on-state resistance 
ID=750 
mA, 
VCC=4.5V 
1.1 
1.75 


timing requirements 
over recommended 
ranges of supply voltage and operating 
case temperature 
3: 
W-> 
wa:c. 
I-o:J 
Coa:c. 


MIN 
MAX 
UNIT 


tsu 
Setup time, D high before CLKi 
(see Figure 5) 
20 
ns 


tsu1 
Setup time, VER to PGM (see Figure 2) 
2 
~s 


tsu2 
Setup time, address and DATA 1/0 to Vpp (see Figure 2) 
2 
~ 


tsu3 
Setup time, PGM to DATA 1/0 (see Figure 2) 
2 
~s 


tsu4 
Setup time, PGM to address (see Figure 2) 
2 
~s 


th 
Hold time, D high before CLKi 
(see Figure 5) 
20 
ns 


th1 
PGM hold time, DATA I/O (see Figure 2) 
2 
~s 


th2 
Hold time, DATA 1/0 after Vpp (see Figure 2) 
2 
~s 


tw 
Pulse duration (see Figure 5) 
40 
ns 


tw1 
Pulse duration, Vpp program (see Figure 2) 
5 
ms 


tpd 
Propagation 
delay, VER to DATA 1/0 (see Figure 2) 
2 
~s 


tr 
Rise time, Vpp during programming 
(see Figure 2) 
2 
3 
ms 


tf 
Fall time, Vpp during programming 
(see Figure 2) 
2 
3 
ms 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tpLH 
Propagation delay time, low-to-high-Ievel 
output from CLK 
CL = 30 pF, 
ID=250 
mA, 
650 
ns 


tPHL 
Propagation 
delay time, high-to-Iow-Ievel 
output from CLK 
See Figure 5 
150 
ns 


tr1 
Rise time, drain output (see Figure 5) 
750 
ns 


tf1 
Fall time, drain output (see Figure 5) 
425 
ns 


trr 
Reverse-recovery 
time (see Figure 6) 
300 
ns 


trra 
Reverse-recovery 
current rise time (see Figure 6) 
IF = 250 mA, 
dildt = 40 A/~s 


100 
ns 
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PARAMETER 
TEST CONDITIONS 
MIN 
MAX 
UNIT 


RSJC 
Thermal resistance, junction-to-case 
All four outputs with equal power 
8.3 


·CIW 


RSJA 
Thermal resistance, junction-to-ambient 
All four outputs with equal power 
50 


I•• 
----~ 
••_!.-I 
Verify ---+1 
1 


.•• 
Program 
••. 


I 
I 
I 
1,..------------I...-- 
.... 
IJ~--- 
VIH 


..'L 
50% 
I 
I 
50% 
------11 
I 
I 
VIL 


I 
I 
I 
th1 --l4-+I 


tsu1 
j4 
.1 
tsu1 
I.. 
.1 
I 


-~---~ 
50%1 


1 


III PI) ~~;.--- 
VIH 


I 
I 
VIL 
~ 
I 
II 
1 


tsu3~ 
I 
~tpd 
I 


1 
I 
I 
~I 
_______ 
...:- ....K 50% 
Data In Stable 
50%) 
Hi-Z 
Dt':li~ut 
50% - - - 
VIH 


I 
I 
I 
----- 
VIL 


1 
i~tsu2 
i 
,d 
-------I-)K 50o/~ 
Address Ta~le 
~~ 
::: 


t 
~ 
I 
I 
su4 
I~"'I 
I J4-tw1 
~ 
I 
J }- 90% 
~vo%-r------------- 
VPP 
100/·1; 
I _ 10% 
II 
(( 
V 
---------- 
I 
)) 
CC 


tr 
~ 
~I 
I 
I.. 
J 
th2 
I I 
I 


tf 
~ 
i+- 
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5V 
r----' 
ID~ 
ClK 
I 
I 
OV 
I 
I 
Rl=60Q 


I 
Word 
0 
OUT 
2,9, 
Output 
0 
I Generator I 
12,19 
OV 
I(see Note A) 
3 
ClR 
DRAIN 
I 
I 
5V 
8 
ICl=30pF 
ClR 
I 
ClK 
(see Note B) 
OV 
--------- 
I 
I 
I 
I 
24V 
L.____ 
.J 
GND 
Output 
5,6,15,16 
0.5 V 


Figure 3. Resistive Load Operation 


ClRJ 
~~ 
5V 
15 V 


r----' 
I 
I 
I 
4 
I 
I 
3 
OUT 
I 
ClR 
I 
Word 
I 
DRAIN 
Generator 
8 
2,9, 
I (see Note A) I 
ClK 
12,19 
I 
7 
02 
I 
I 
L. ____ 
.J 


GND 


5,6,15,16 


TEST CIRCUIT 


Il 
2mH 
1Q 


01 ~ 
~~ 


02 --.J-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_- ~~ 


D3,D4l----------------- 
~~ 


----. 
------- 
5 V 
ClK 
1••• 
0 V 


DRAIN1, ~-------~- 
- 
- 
-- 
--- 
15 V 
DRAIN2 
------- 
0.5 V 


IlDRAIN1, 
IlDRAIN2 


OSCNER 
(see Note C) 


NOTES: 
A. 
The word generator 
has the following characteristics: 
tr " 10 ns, tf " 10 ns, tw = 300 ns, pulsed repetition rate (PRR) = 5 kHz, 


ZO=50Q. 


B. 
Cl includes probe and jig capacitance. 
C. 
DRAINO and DRAIN3 remain at 15 V with 0A Il. 
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0 
/ 
_ 


---------- 
-.~--- 
5 V 


ClK 
150% 
\ 
j 50.;' 


~ 
I 
-----4-r--=--- 
OV 
4j 
I'" tplH 
~ 
~ 
tpHl 


Output 
!if'"""'9-0.-y.-------9-0-%..,~"" 
~- 
- 
24 V 


10% -f : 
i~· 
0.5 V 


4j 
~tr 
~ 
~tf 


SWITCHING 
TIMES 


20 


VCC 
r-----' 
I 
Word 
I 
Generator 
I (see Note A) I 
L 
J 
r-----' 
I 
Word 
I 


I 


Generator 
1__ 
8 
ClK 
(see Note A) 
L 
J 


2,9, 


DRAIN 
12,19 


Cl = 30 pF 
(see Note B) 
tsu 
I~ 
1 
I 
.1 
th 


D 
~ 
50% 
~~O-:;'---- 


~ 
tw---+i 


INPUT SETUP AND HOLD WAVEFORMS 


NOTES: 
A. 
The word generator 
has the following characteristics: 
tr '" 10 ns, tf '" 10 ns, tw = 300 ns, pulsed repetition rate (PRR) = 5 kHz, 
ZO=50Q. 
B. 
Cl includes probe and jig capacitance. 


r---------., 


, 
DRAIN' 
,, 
IIII,, 
L 
J 


t2 
~ 
t1~ 
-.! 
~t3 
!--! 
-1....( 


..J 
L.J L 
RG 


Circuit 
Under 


Te~ 
-=- 
+ 
0.25 A 


l= 
1 mH 
25V -=- 
IF 
1 
TPA 
0 
-=- 


25% of IRM 


I 
I 
I 


IRM 
I 
I 


I 
I 
14- trr ----.I 


1Ft 
(see Note B) 


VGG 
(see Note A) 


TEST CIRCUIT 


A. 
The 
VGG 
amplitude 
and 
RG 
are adjusted 
for 
di/dt 
= 40 
NilS. 
A VGG 
double-pulse 
train 
sets 
IF = 0.25 
A, 
where 
t1 = 15 Ils, t2 = 8.5 Ils, and t3 = 3.5 Ils. 


B. 
The DRAIN terminal under test is connected to the TP K test point. All other terminals are connected together and connected to the 
TP A test point. 
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r-----' 
8 
I 
Word 
elK 
I 
Generator 
I 
I (see Note A) 
4 7 
D 
L.-----.J10, ;4 


2,9, 
12,19 
DRAIN 


~ 
tW~~tav 


~ 


I 
I 
-5V 


Input 
I: 
[ 
See Note B 
I 
I 
0 V 
: 
-1- 
IAS=1 
A 


ID 
I 
I 
I 
I 
I 
I 
I 


~ 


- 
V(BR)DSX=40VMIN 
VDS 
I 


I 
I 


NOTES: 
A. 
The word generator has the following characteristics: 
tr ,; 10 ns, tf ,; 10 ns, Zo = 50 Q. 


B. 
Input pulse duration (tw) is controlled by the value of peak current IAS = 1 A. 


IAS 
x V(BR)DSX 
x lav 
Energy test level is defined 
as EAS = 
2 
= 
100 mJ, 


where tav = avalanche 
time. 
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PEAK AVALANCHE CURRENT 
vs 
TIME DURATION OF AVALANCHE 


MAXIMUMPWM 
CURRENT OF EACH OUTPUT 
vs 
NUMBER OF OUTPUTS CONDUCTING 
SIMULTANEOUSLY 
:; 
Co:; 
0 
J:U•• 
w 
'0 
E 
~ 
::J 
U 
:0 
0.5 
3: 
Q. 


E 
0.4 
::J 
E 
';( 
0.3 
VCC = 5 V 
•• 
VOO=12V 
:0 
I 
0.2 
FR-4 
Board 
~ 
RaJA = 30°CIW 
3: 
0.1 
TJMAX = 150°C 
Q. 
0" 
d =50% 
0 
10 
1 
2 
3 
4 


«I 
4 
E 
~ 
<3 
2 
~u 
c: 
••l 
"'"•• 
~ 
0.4 
I 
">§ 
0.2 


0.2 
0.4 
2 
4 


tav - Time Duration 
of Avalanche 
- ms 


Figure 
8 


MAXIMUM PEAK DRAIN CURRENT OF EACH OUTPUT 
vs 
NUMBER OF OUTPUTS CONDUCTING 
SIMULTANEOUSLY 
« 
c:: 
I 
I 
:; 
Gl 
Co 
0.9 
u 
:; 
c: 
0 
~ 
J: 
0.8 
'iij 
u 
Gl 
•• 
II: 
w 
0.7 


~ 


'0- 
c: 
0.6 
~ 
::J 
0 
0 
0.5 
Gl 
c: 
~ 


"i! 
::J 
0.4 
0 
c 
lJ) 


"'" 
e- 


•• 
.~ 
Gl 
0.3 
Q. 
c 
E 
VCC = 5 V 
U 
::J 
0.2 
TA = 85°C 
~ 
E 
';( 
d = tw Itperiod 
•• 
0.1 
I 
:0 
= 1 ms/tperiod 
'2 
I 
~ 
C 
0 
lJ) 
1 
2 
3 
4 
E' 


STATIC DRAIN-SOURCE 
ON-STATE RESISTANCE 
vs 
DRAIN CURRENT 


o 
o 
0.2 
0.4 
0.6 
0.8 


10 - Drain Current 
- A 


NOTE A. 
Technique should limit TJ - TC to 10°C maximum. 


Figure 
11 


N - Number 
of Outputs 
Conducting 
Simultaneously 


Figure 
10 
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STATIC DRAIN-SOURCE 
ON-STATE RESISTANCE 
vs 
LOGIC SUPPLY VOLTAGE 


Vcc 
- Logic 
Supply 
Voltage - V 


NOTE A: 
Technique should limit TJ - TC 10 1DOC maximum. 


SWITCHING TIME 
vs 
FREE-AIR TEMPERATURE 
40 
10=250 mA 
CL = 30 pF 
35 
See Note A 


•• 
30 
c 
I 
••E 
i= 
25 
'"c 
:E..g~ 
en 
I 


15 


10 
-50 
0 
50 
100 


TA - Free-Air 
Temperature 
- °C 


Figure 13 


3=w- 
150 > 
Wa: 
0.. 
•••o:)coa: 
0.. 
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• 
Programmable-PWM 
Current Threshold 


• 
Programmable-PWM 
Frequency Controlled 
by Internal or External Oscillator 


• 
Integra~ed Output Recirculation 
Clamp 
Diodes 


• 
Low rOS(on) ... 
1 Q Typ 
• 
Four Power MOSFET Outputs 
• 
Integrated Snubbing 
Clamp Voltage at 40 V 


• 
Low Power Consumption 


description 


The 
power 
logic 
4-bit 
addressable 
latch 
pulse-width-modulation 
(PWM) driver controls 
open-drain 
DMOS 
transistor 
outputs 
and 
is 
designed for applications that require relatively 
high 
power. 
The 
device 
contains 
a 
built-in 
snubbing clamp and recirculation clamp on the 
outputs for inductive transient 
protection and 
inductive 
energy 
recirculation, 
respectively. 
Power driver applications include solenoids and 
other medium-current or high-voltage loads. Each 
open-drain 
DMOS 
transistor 
features 
an 
independent 
user-programmable 
PWM circuit 
that works in conjunction with the recirculation 
clamping diode in order to control the average 
current in inductive-load applications. The PWM 
circuit 
provides 
a programmable 
current-limit 
threshold that disables the output until the next 
rising 
edge 
of 
the 
independent 
PWM 
programmable clock. Each clock is generated 
from a user-programmable internal or external 
clock 
reference 
that 
in turn 
is programmed 
independently 
for 
each 
output 
through 
a 
frequency divide-by circuit. 


User-programmable functions are controlled via 
32 EEPROM bits. These bits are programmed by 
placing the TPIC6E261 into program mode by 
taking PGM high. The address to be programmed 
is then set up on dual functionality terminals 
AO-A4 (see Tables 1 and 2). The data bit to be 
programmed is set up on DATA I/O, and Vpp is 
then ramped from VCCto VpPHand back to Vcc to 
program the bit. The programming data can then 
be verified by taking OSCNER VER high while 
monitoring DATA I/O, which gives the value of the 
data at the address selected on AO-A4. For each 
user-programmable parameter, Table 3 shows the 
binary 
programming 
values 
and 
the 
option 
selected by each programming value. 
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08CNER 
DRAIN1 


80/AO 
81/A1 
GND 
GND 
G/A2 


D/A3 
DRAIN2 
CLR/M 


NEPACKAGE 
(TOP VIEW) 


1 U20 
Vcc 
2 
19 
DRAINO 
3 
18 
DATA 1/0 
4 
17 
Vpp 
5 
16 
GND 
6 
15 
GND 


7 
14 
N/C 
8 
13 
PGM 
9 
12 
DRAIN3 


10 
11 
VDD 


OSC/VER 
DRAINO - DRAIN 3 


SO/AD 
S1/A1 
GND 


G/A2 
D/A3 
CLRlA4 


VCC 
DATA I/O 
Vpp 
PGM 


VDD 


Oscillator /Verify 


Drain Output 0 to 3 
Select O/Address 0 
Select 1/Address 1 


Ground 
Function Select/Address 
2 
Data/Address 
3 


Function Select/Address 
4 
Logic Supply Voltage 
Program Data Input/Output 
Programming 
Supply Voltage 
Program Enable 
Output Supply Voltage 


INPUTS 
OUTPUT OF 
EACH 
ADDRESSED 
OTHER 
FUNCTION 
CLR 
G 
D 
DRAIN 
DRAIN 
H 
L 
H 
L 
aio 
Addressable 
H 
L 
L 
H 
aio 
Latch 
H 
H 
X 
aio 
aio 
Memory 


L 
L 
H 
L 
H 
8-Line 
L 
L 
L 
H 
H 
Demultiplexer 


L 
H 
X 
H 
H 
Clear 


SELECT INPUTS 
DRAIN 


S1 
SO 
ADDRESSED 


L 
L 
0 
L 
H 
1 
H 
L 
2 
H 
H 
3 


PRODUCT 
PREVIEW 
Information 
concerns 
products 
in the formative 
or 
:e~~flca~~~:eareo~s~~~:~~~~8;1~~~~~~~c 
re::::es ~~ n;~r:~ 
change 
or discontinue 
these 
products 
without 
notice. 
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description 
(continued) 


Four 
distinct 
modes 
of operation 
are selectable 
by controlling 
the 
clear 
(CLR) 
and 
enable 
(G) inputs 
as 
enumerated 
in the function 
table. 
In the addressable-latch 
mode, data at the data-in 
(D) terminal 
is written 
into 
the 
addressed 
latch. 
The 
addressed 
DMOS-transistor 
output 
inverts 
the 
data 
input 
with 
all unaddressed 
DMOS-transistor 
outputs 
remaining 
in their previous 
states. 
In the memory 
mode, all DMOS-transistor 
outputs 
remain 
in their previous 
states and are unaffected 
by the data or address 
inputs. To eliminate 
the possibility 
of 
entering 
erroneous 
data 
in the latch, 
enable G should 
be held 
high (inactive) 
while 
the address 
lines 
are 
changing. 
In the 3-to-8 decoding 
or demultiplexing 
mode, the addressed 
output 
is inverted 
with respect 
to the 
D input and all other outputs 
are off. In the clear mode, all outputs 
are off and unaffected 
by the address 
and 
data inputs. 
When 
data is low for a given output, 
the DMOS-transistor 
output 
is off. When 
data is high, the 
DMOS-transistor 
output 
has sink-current 
capability. 


For proper operation, 
VDD must be connected 
to a voltage 
source 
equal to or greater 
than the maximum 
drain 
voltage 
in the application. 


The TPIC6E261 
is offered 
in a 20-pin thermally-enhanced 
dual-in-line 
(NE) package 
and is characterized 
for 
operation 
over the operating 
case temperature 
range of -40°C 
to 125°C. 
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VDD 


11 


SO 
OUTO 


OUT1 
S1 


Core-Logic 
2 DRAIN1 
Function 


G 


(see Detail A) 


OUT2 


D 
OUT3 


CLR 
3= 
W 
9 DRAIN2 -> 
W 


Int/Ext 
a: 
Osc 
Q. 


Decoder 
t- 
O 


BitO 
::J 


12 DRAIN3 
C0a: 
Q. 


Bit 1 
Bit 2 
Bit 3 
Bit 4 
Bit 5 
Bit6 
Bit7 
BitS 


Bit9 
Bit 10 
Bit 11 
Bit 12 
Bit 13 
Bit 14 
Bit 15 
Bit 16 


} 


Selected 
DRAINO 
Frequencies 
Select 
PWM-Frequency 


} 


DRAIN1 
Multiplexer 


Select 


DRAIN2{ 


Select 


DRAIN3{ 
Select 
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ALL DRAIN OUTPUTS 


VDD 


GND 
GND 


"'C 
JJ 
DATAI/O 
0 
VCC 
J-- 
cc0 
DATAI/O 
}-- 


-I 


"'C 
JJm<- 
m:e 
GND 


VCC 
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TERMINAL 
VO 
DESCRIPTION 
NAME 
NO. 


DATA I/O 
18 
I/O 
Programming 
data input/output 


DRAINO 
19 
0 
Drain outputs 0 to 3 
DRAIN1 
2 
DRAIN2 
9 
DRAIN3 
12 


G/A2 
7 
I 
Function select or Address 2 


GND 
5,6,15,16 
- 
Ground 


OSCNER 
1 
I 
Oscillator or Programming 
verify 


PGM 
13 
I 
Program enable 


D/A3 
8 
I 
Data or Address 3 


SO/AO 
3 
I 
Select 0 or Address 0 


S1/A1 
4 
I 
Select 1 or Address 1 


CLRlA4 
10 
I 
Function select or Address 4 


VCC 
20 
- 
Logic supply voltage 


VDD 
11 
- 
Output supply voltage 


Vpp 
17 
- 
Programming 
supply voltage 
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TERMINAL 
NUMBER 
NORMAL 
MODE 
PROGRAM 
MODE 
(PGM = L) 
(PGM = H) 


1 
OSC 
VER 


3 
SO 
AO 


4 
S1 
A1 


7 
G 
A2 


8 
D 
A3 


10 
CLR 
A4 


BIT 
USER-PROGRAMMABLE 
DESCRIPTIONt 
NO. 
ADDRESS 
PARAMETER 


0 
00000 
Internal/External 
Oscillator 
Selects internal or external oscillator to be used for PWM clock 


1 
(LSB) 
00001 
2 
00010 
DRAINO 
Selects PWM frequency based on internal/external 
clock frequency and the 
3 
00011 
Frequency Multiplexer 
number of divide-by-2s 
chosen 
4 
(MSB) 
00100 


5 
(LSB) 
00101 
6 
00110 
DRAIN1 
Selects PWM frequency 
based on internal/external 
clock frequency and the 
7 
00111 
Frequency Multiplexer 
number of divide-by-2s 
chosen 
8 
(MSB) 
01000 


9 
(LSB) 
01001 
10 
01010 
DRAIN2 
Selects PWM frequency based on internal/external 
clock frequency and the 
11 
01011 
Frequency Multiplexer 
number of divide-by-2s 
chosen 
12 
(MSB) 
01100 


13 
(LSB) 
01101 
14 
01110 
DRAIN3 
Selects PWM frequency 
based on internal/external 
clock frequency and the 
15 
01111 
Frequency Multiplexer 
number of divide-by-2s 
chosen 
16 
(MSB) 
10000 


17 
(LSB) 
10001 
DRAINO 
18 
10010 
Current Sense Adjust 
Selects the peak current for the PWM-chop mode 


19 
(MSB) 
10011 


20 
(LSB) 
10100 
DRAIN1 
21 
10101 
Current Sense Adjust 
Selects the peak current for the PWM-chop mode 
22 
(MSB) 
10110 


23 
(LSB) 
10111 
DRAIN2 
24 
11000 
Current Sense Adjust 
Selects the peak current for the PWM-chop mode 
25 
(MSB) 
11001 


26 
(LSB) 
11010 
DRAIN3 
27 
11011 
Current Sense Adjust 
Selects the peak current for the PWM-chop mode 
28 
(MSB) 
11100 


29 
(LSB) 
11101 
30 
11110 
Oscillator Frequency Adjust 
Selects the frequency of the internal oscillator 
31 
(MSB) 
11111 
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PROGRAMMABLE 
PARAMETER 
OPTION SELECTED 
BINARY VALUE 
MSB< ... 
> LSB 


Internal Oscillator 
0 
Internal/External 
Oscillator 


External Oscillator 
1 


Oscillator + 1 
0000 


Oscillator + 2 
0001 


Oscillator + 4 
0010 


Oscillator + 8 
0011 


Oscillator + 16 
0100 


Oscillator + 32 
0101 


Oscillator + 64 
0110 


Frequency Multiplexer for All 
Oscillator + 128 
0111 


Drain Outputs 
Oscillator + 256 
1000 


Oscillator + 512 
1001 


Oscillator + 1024 
1010 


Oscillator + 2048 
1011 


Oscillator + 4096 
1100 


Oscillator + 8192 
1101 


Oscillator + 16384 
1110 


Oscillator + 32768 
1111 


300 mAt 
000 


400 mAt 
001 


500 mAt 
010 


Current Sense Adjust for All 
600 mAt 
011 


Drain Outputs 
700 mAt 
100 


800 mAt 
101 


900 mAt 
110 


1000 mAt 
111 


Internal Oscillator, Frequency = 1.2 MHz 
000 


Intemal Oscillator, Frequency = 1.1 MHz 
001 


Internal Oscillator, Frequency = 0.9 MHz 
010 


Internal Oscillator, Frequency = 0.8 MHz 
011 
Oscillator Frequency Adjust 


Internal Oscillator, Frequency = 0.6 MHz 
100 


Internal Oscillator, Frequency = 0.5 MHz 
101 


Internal Oscillator, Frequency = 0.3 MHz 
110 


Internal Oscillator, Frequency = 0.1 MHz 
111 
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absolute maximum ratings over operating case temperature range (unless otherwise noted)t 


Logic supply voltage, Vcc (see Note 1) 
7 V 
Logic input voltage range, VI 
-0.3 V to 7 V 
Output supply voltage, VDD (see Note 1) 
40 V 
Programming supply voltage during programming, Vpp (see Notes 1 and 2) 
16 V 
Programming supply voltage, verify/normal operation, Vpp 
7 V 
Power DMOS drain-to-source voltage, VDS (see Note 3) 
40 V 
Continuous source-to-drain diode current 
1 A 
Pulsed source-to-drain diode current (see Note 3) 
1 A 
PWM output current, each output, all outputs on, IO(PWM),TA = 25°C, d = 10% 
(see Note 4 and Figure 10) 
900 mA 
PWM output current, each output, all outputs on, IO(PWM),TA = 25°C, d = 50% 
(see Note 4 and Figure 9) 
800 mA 
Peak drain current, single output, 'D(Peak)' TA = 25°C (see Notes 3 and 4) 
1 A 
Peak Avalanche current, I(av) (see Note 5 and Figure 7) 
1 A 
Single-pulse avalanche energy, EA (see Note 5 and Figure 7) 
100 mJ 
Continuous total power dissipation 
See Dissipation Rating Table 
Operating case temperature range, TC 
-40°C 
to 125°C 
Operating virtual junction temperature range, TJ 
-40°C 
to 150°C 
Storage temperature range, Tstg 
-65°C 
to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional 
operation of the device at these or any other conditions beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
NOTES: 
1. 
All voltage values are with respect to GND. 


2. 
For programming 
waveform, see Figure 2. 
3. 
Each power DMOS source is internally connected to GND. Pulse duration s 100 !!S, duty cycle s 2%. 


4. 
Output current depends upon program current-sense 
adjust and load conditions. 


5. 
Vsupply = 24 V, starting junction temperature, 
(TJSl = 25°C, L = 87 mH, IAS = 1 A. 


PACKAGE 
TC S 25°C 
OPERATING 
FACTOR 
TC = 125°C 
POWER RATING 
ABOVE TC = 25°C 
POWER RATING 


NE 
2775mW 
20 mW/oC 
775mW 


NE on FR-4 PCB 
4163mW 
33.3mW/oC 
833mW 


MIN 
MAX 
UNIT 


Logic supply voltage, VCC 
4.5 
5.5 
V 


Output supply voltage, VDD 
40 
V 


Programming 
supply voltage during programming, 
Vpp 
12 
15 
V 


Programming 
supply voltage during verify or normal operation, Vpp 
VCC-0.7 
VCC 
V 


High-level input voltage, VIH 
0.85 VCC 
VCC 
V 


Low-level input voltage, VIL 
0 
0.15VCC 
V 


Operating case temperature, 
TC 
-40 
125 
°c 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VrBRlDSX 
Drain-source 
breakdown voltage 
10=1 
mA 
40 
V 


VSO 
Source-drain 
diode forward voltage 
IF= 1 A 
1 
1.5 
V 


VOHIDATA I/O) 
High-level data output voltage 
10H =-100~, 
VCC = 4.5 V 
4.25 
4.48 
V 


VOUOATA 
I/O) 
Low-level data output voltage 
10L = 100 ~A, 
VCC = 4.5 V 
200 
250 
mV 


Vf 
Forward clamp voltage 
If= 1 A 
1.35 
2 
V 


IIH 
High-level input current 
VCC =5.5 V, 
VI = VCC 
1 
~A 


IlL 
Low-level input current 
VCC =5.5 V, 
VI = 0 
-1 
~A 


ICC 
Logic supply current 
10=0, 
All inputs low 
1.6 
5 
mA 


ICC(freq) 
Logic supply current at frequency 
SRCK=5 
MHz, 
iO=O 
5.5 
mA 


VOO =40 V, 
VOS = 35 V 
0.2 
1 
IDS 
Off-state drain current 
~ 
VOO=40 
V, 
VOS = 30 V, 
TC = 125°C 
1 
5 


10=200 
mA, 
VCC=4.5V 
1 
1.5 


Static drain-to-source 
10= 200 mA, 
VCC =4.5 V, 
TC = 125°C 
1.6 
2.4 
rOS(on) 
on-state resistance 
n 


10=750 
mA, 
VCC=4.5V 
1.1 
1.75 


timing requirements 
over recommended 
ranges of supply voltage and operating 
case temperature 
3= 
W-> 
wa: 
Q. 
I- 
U 
::) 
Coa: 
Q. 


MIN 
MAX 
UNIT 


tsu 
Setup time, 0 high before Gt (see Figure 5) 
20 
ns 


tsu1 
Setup time, VER to PGM (see Figure 2) 
2 
~s 


tsu2 
Setup time, address and DATA I/O to VPP (see Figure 2) 
2 
~s 


tsu3 
Setup time, PGM to DATA I/O (see Figure 2) 
2 
~s 


tsu4 
Setup time, PGM to address (see Figure 2) 
2 
~s 


th 
Hold time, 0 high before Gt (see Figure 5) 
20 
ns 


th1 
PGM hold time, DATA I/O (see Figure 2) 
2 
~s 


th2 
Hold time, DATA I/O after VPP (see Figure 2) 
2 
~s 


tw 
Pulse duration (see Figure 5) 
40 
ns 


tw1 
Pulse duration, VPP program (see Figure 2) 
5 
ms 


tod 
Propagation 
delay, VER to DATA I/O (see Figure 2) 
2 
~s 


tr 
Rise time, VPP during programming 
(see Figure 2) 
2 
3 
ms 


tf 
Fall time, VPP during programming 
(see Figure 2) 
2 
3 
ms 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tpLH 
Propagation 
delay time, low-to-high-Ievel 
output from 0 
CL = 30 pF, 
10=250 
mA, 
650 
ns 


tpHL 
Propagation 
delay time, high-to-Iow-Ievel 
output from 0 
See Figure 5 
150 
ns 


tr1 
Rise time, drain output (see Figure 5) 
750 
ns 


tf1 
Fall time, drain output (see Figure 5) 
425 
ns 


trr 
Reverse-recovery 
time (see Figure 6) 
300 
ns 


trra 
Reverse-recovery 
current rise time (see Figure 6) 


IF = 250 mA, 
di/dt = 40 A/~s 
100 
ns 
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PARAMETER 
TEST CONDITIONS 
MIN 
MAX 
UNIT 


RSJC 
Thermal resistance, junction-to-case 
All four outputs with equal power 
8.3 


°CIW 
RSJA 
Thermal resistance, junction-to-ambient 
All four outputs with equal power 
50 


I.. 
ht.-I 


Verify -----'11 


I 


Program 
•• 


1 
I 
1,..------------_1 ----.c'r----rE--- 
VIH 
..Y 50% 
I 
I 
50% 
-------11 
I 
I 
1 
VIL 


I 
1 
I 
th1~ 
tsu1 
(4 
~ 
tsu1 
I.. 
.1 
I 
-~---I 
1 
1 
V-~~---- 
VIH 
~ 
50%11 
II 
~ 
50% 
~ 
I 
I 
VIL 
~ 
I 
II 
I 


tsu3~ 
I 
~tpd 
I 
1 
I 
I 
I 


-------I...---K-5-0-%--D-at-a-ln-S-ta-b-le--50-O;'-.) 
Hi-Z 
G:I~UI 50%- - - 
VIH 


I 
1 
I 
~ 
----- 
VIL 
:!~: 
t 
su 
2 
1 
,d 
_______ 
I_X50% 
Address 
Ta~le 
~~ 
::: 


tsu4 +-+l 
: 14- tW1 ~ 
: 


J ;- 90% 
~VO%-T------------- 
Vpp 
10%j; 
I 
_ 10% 
I 
(( 
V 
----------"'1 
I. 
I 
I)) 
CC 


lr ~ 
1"- 
I 
'.. 
~ 
th2 


1 
I 
I 


tf~~ 
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5V 
15 V 
-.J 
[-------- 
5V 
CLR 
OV 
-1_________________ 
5V 


ID~ 
So 


4 
OV 
l 
I 
L 


5V 


10 
RL=60Q 
S1 
CLR 
2,9, 
OV 
OUT 
Output 
3 
12,19 
U 
I 
C 


5V 
SO 
DRAIN 
G 
OV 
8 
0 
ICL=30pF 
Lrll:------- 


5V 
(see Note B) 
0 
7 
G 
OV 
U 
U----- 


24 V 
GND 
DRAIN1 
0.5 V 
5,6,15,16 
Le= 


24 V 
DRAIN3 
0.5V 
TEST CIRCUIT 


CLR~ 
~~ 


G -,~_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_ 
~ ~ 


~~---~-------------~~ 


o -, 
I 
~~ 


-,-----------------5V 
S1 
~. 
0 V 


r----' 
4 
I 
I 
10 
I 
CLR 
I 
Word 
I 
OUT 
3 
I 
Generator 
SO 
DRAIN 
I (see Note A) I 
2,9, 
8 
12,19 
I 
0 
I 
7 
G 
IL. ____ 
.J 


GND 


5,6,15,16 


TEST CIRCUIT 


IL 
2mH 
1Q 


DRAIN1 --.J•.--------.- 
- - - - - - - 
15 V 
------- 
0.5 V 


ISENSE 


OSCNER 
(see Note C) 


NOTES: 
A. 
The word generator 
has the following characteristics: 
tr ,; 10 ns, tf ,; 10 ns, tw = 300 ns, pulsed repetition rate (PRR) = 5 kHz, 


ZO=50Q. 
B. 
CL inciudes probe and jig capacitance. 
C. 
DRAINO and DRAIN3 remain at 15 V with 0A IL. 
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5V 


24V 
20 
r-----' 
VCC 


11 
I 
Word 
I 
8 
0 
VDD 
I 
Generator 
ID~ 
(see Note A) 
950 
L_____ 
.J 
OUT 
r-----' 
I 
Word 
I 
7 
G 
2,9, 
I 
Generator 
12,19 
(see Note A) 
DRAIN 
L_____ 
.J 
GND 


I 
ov 


-+i 
~ 
tpLH 
~ 
14- tpHL 
I 


I 
-90-O;'-.------9-0-%~I~ 
- 
- 
24 V 


10·'. 
I 
1 
10.;' 
---"_1 
I 
•0.5 V 


-+i ~ 
tr 
---.I 14- tf 


SWITCHING TIMES 


CL = 30 pF 
T (see Note B) 
150% 
-------·1 
tsu 
I.. 
.1 


1 
14 
.: 
th 


D 
{ 
50% 
l~o-:;'- - -- 


14--- 
tw~ 


INPUT SETUP AND HOLD WAVEFORMS 


NOTES: 
A. 
The word generator 
has the following characteristics: 
tr ,; 10 ns, tf ,; 10 ns, tw = 300 ns, pulsed repetition rate (PRR) = 5 kHz, 
ZO=500. 


B. 
CL includes probe and jig capacitance. 


Figure 5. Test Circuit and Voltage Waveforms, Switching 
Times 
r---------, 
I 
DRAIN I 
III 
IIIIIL 
.J 


t2 
~ 
t1 ~ 
--.! *-- t3 
!---! 
-~-f 


..J 
l-J L 
RG 


Circuit 
Under 


Te~ 
-=- 
+ 
0.25 A 
L= 1 mH 
25V -=- 
IF 
1 
TPA 
0 
-=- 
25% of IRM 


IRM 


1 
1 
14-- trr ----.I 


1Ft 
(see Note B) 


VGG 
(see Note A) 


TEST CIRCUIT 


The 
VGG 
amplitude 
and 
RG are 
adjusted 
for dildt = 40 NilS. 
A 
VGG 
double-pulse 
train 
sets 
IF = 0.25 
A, 
where 
t1 = 151ls, 12 = 8.5',lS, and t3 = 3.5Ils. 
B. 
The DRAIN terminal under test is connected to the TP K test point. All other terminals are connected together and connected to the 
TP A test point. 


"!!1 
TEXAS 
INSTRUMENTS 


r-----' 
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I 
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II 
Generator 
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I 
L. 
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10 
CLR 


3 


l+- 
tw ----.J~ 
t 
av 
.J 
I 
I 
- 
5V 


Input 
I 
: r- 
SeeNoteB 
I 
I L OV 


: 
-1- IA=1 
A 


10 
I 
I 
I 
I 
I 
I 
I 


~ 


- 
V(BR)OSX=40VMIN 
VOS 
I 
I 
I 


2,9, 


DRAIN 
12,19 


NOTES: 
A. 
The word generator has the following characteristics: 
tr 5 10 ns, tf 5 10 ns, Zo = 50 n. 


B. 
Input pulse duration (tw) is controlled by the value of peak avalanche current I(av) = 1 A. 


I(av) 
x 
V(BR}DSX 
x 
tav 
Energy test level is defined 
as EA = 
2 
= 100 mJ, 


where tav 
= avalanche 
time. 


8 0 


7 G 
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MAXIMUM PEAK DRAIN CURRENT OF EACH OUTPUT 
vs 
NUMBER OF OUTPUTS CONDUCTING 
SIMULTANEOUSLY 
c( 
c: 
I 
I 
'5 
•• 
c. 
0.9 
" 
'5 
l: 
0 
~ 
.c 
0.8 
·in 
" 
•• 
•• 
II: 
W 
'0 
0.7 
~ 
c: 
~ 
0.6 
l: 


::> 
0 
(,) 
0.5 
•• 
l: 
~ 
.~ 
::>0 
0 
0.4 
Ul 
... 
C 
•• 
'f! 
•• 
0.3 
lL 
0 
E 
VCC = 5 V 
~ 
::> 
E 
0.2 
TA=85°C 
~ 
••• 
d = tw/tperiod 
•• 
0.1 
I 
::l: 
= 1 ms/tperiod 
"2 
I 
0 
0 
0 
Iii 


1 
2 
3 
4 
E' 


PEAK AVALANCHE CURRENT 
vs 
TIME DURATION OF AVALANCHE 


MAXIMUM PWM 
CURRENT OF EACH OUTPUT 
vs 
NUMBER OF OUTPUTS CONDUCTING 
SIMULTANEOUSLY 


'5c. 
'50.c 
"••w 
'0 
c: 
~ 
::> 
(,) 
::l: 
0.5 
~ 
lL 
E 
0.4 
::> 
E 
VCC = 5 V 
••• 
0.3 
•• 
VDD = 12 V 
::l: 
I 
0.2 
FR-4 
Board 
i" 
RaJA = 30°CIW 
~ 
0.1 
TJMAX = 150°C 
lL0 
d =50% 
0 
10 
1 
2 
3 
4 
0.2 
0.4 
1 
2 
4 


tav - Time Duration 
of Avalanche 
- ms 


STATIC DRAIN·SOURCE 
ON·STATE RESISTANCE 
vs 
DRAIN CURRENT 


10 - Drain Current 
- A 


NOTE A: 
Technique should limit TJ - TC to 1DOCmaximum. 


Figure 
11 
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Cf 
3 
tlI:•• 
~ 
2.5 


II: 
E 
II? 
I:o 


!'J"o 
~ 
'i!c 
u 
~ 
I 
C 
.2. 
tJl 
E' 


STATIC DRAIN·SOURCE 
ON·STATE RESISTANCE 
vs 
LOGIC SUPPLY VOLTAGE 
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SWITCHING TIME 
vs 
FREE·AIR TEMPERATURE 
40 


10=250 
mA 
CL= 
30 pF 
35 
See Note A 


III 
I: 
I 
•• 
30 
E 
i= 
Cl 
I: 
25 
:E~'i 
tJl 
I 
20 
- 


15 


10 
-50 
0 
50 
100 


TA - Free-Air 
Temperature 
- °C 


Figure 13 
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The power logic 4-bit shift-register pulse-width- 
modulation 
(PWM) driver controls 
open-drain 
DMOS transistor outputs and is designed for 
applications that require relatively high power.The 
device contains a built-in snubbing clamp and 
recirculation clamp on the outputs for inductive 
transient 
protection 
and 
inductive 
energy 
recirculation, 
respectively. 
Power 
driver 
applications include solenoids and other medium- 
current or high-voltage loads. Each open-drain 
DMOS transistor features an independent user- 
programmable 
PWM 
circuit 
that 
works 
in 
conjunction with the recirculation clamping diode 
in 
order 
to 
control 
the 
average 
current 
in 
inductive-load 
applications. 
The 
PWM circuit 
provides a programmable current-limit threshold 
that disables the output until the next rising edge of the independent PWM programmable clock.Each clock is 
generated from a user-programmable 
internal or external clock reference that in turn is programmed 
independently for each output through a frequency divide-by circuit. 


User-programmable functions are controlled via 32 EEPROM bits. These bits are programmed by placing the 
TPIC6E585 into program mode by taking PGM high. The address to be programmed is then set up on dual 
functionality terminals AO-A4 (see Tables 1 and 2). The data bit to be programmed is set up on DATA 110, and 
Vpp is then ramped from Vcc to VpPH and back to Vcc to program the bit. The programming data can then be 
verified by taking VER high while monitoring DATA 110, which gives the value of the data at the address selected 
on AO-A4. For each user-programmable parameter, Table 3 shows the binary programming values and the 
option selected by each programming value. 


The core logic on this device contains a 4-bit serial-in, parallel-out shift register that feeds a 4-bit D-type register. 
When the shift register clear (SRCLR) is high, data transfers through the shift register on the rising edge of the 
shift-register clock (SRCK). It is then transferred to the storage register on the rising edge of the register clock 
(RCK). When SRCLR is low, the shift register is cleared. When output enable (G) is held high, all data in the 
output buffers is held low and all drain outputs are off. When G is held low, data from the storage register is 
transparent to the output buffers. The serial output (SER OUT) allows for cascading of the data from the shift 
register to additional devices. 


For proper operation, VDD must be connected to a voltage source equal to or greater than the maximum drain 
voltage in the application. 


The TPIC6E585 is offered in a 20-pin thermally-enhanced dual-in-line (NE) package and is characterized for 
operation over the operating case temperature range of -40°C to 125°C. 


• 
Programmable-PWM 
Current Threshold 


• 
Programmable-PWM 
Frequency Controlled 
by Internal or External Oscillator 


• 
Integrated Output Recirculation 
Clamp 
Diodes 


• 
Low rOS(on) ... 
1 n Typ 
• 
Four Power MOSFET Outputs 
• 
Integrated Snubbing 
Clamp Voltage at 40 V 


• 
Low Power Consumption 


OSCNER 
DRAIN1 
SER IN/AO 
SRCLRlA1 
GND 
GND 
G/A2 
RCKlA3 
DRAIN2 
SRCKlA4 


NEPACKAGE 
(TOP VIEW) 


1 U20 
VCC 
2 
19 
DRAINO 
3 
18 
DATA I/O 
4 
17 
Vpp 
5 
16 
GND 
6 
15 
GND 
7 
14 
SER OUT 
8 
13 
PGM 
9 
12 
DRAIN3 


10 
11 
VDD 
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OSC/VER 
DRAINO - DRAIN 3 


SER IN/AO 
SRCLR/A1 
GND 
G/A2 
RCKlA3 


SRCKIM 


VCC 
DATA I/O 
VPP 
SER OUT 
PGM 


VDD 


Oscillator /Verify 
Drain Output 


SeriallnpuVAddress 
0 
Shift Register Clear/Address 
1 


Ground 
Output enable/Address 
2 


Register clock/Address 
3 
Shift Register Clock/Address 
4 
Logic Supply Voltage 
Program Data InpuVOutput 
Programming 
Supply Voltage 
Serial Output 
Program Enable 
Output Supply Voltage 


SERIN 
/AO 
SERIN 
OUTO 


SRCLR 
/A1 
SRCLR 
OUT1 


GJA2 
Core-Logic 
Function 


G 


(see Detail A) 


RCKJA3 
OUT2 


RCK 
OUT3 


"tJ 
SRCK 
SEROUT 
JJ 
/A4 
SRCK 
0 
C 
SER OUT 
C0 
-I 
OSCNER 


"tJ 
PGM 
Int/Ext 
JJ 
Osc 
m 
Decoder 
<- 
m 
Bit 0 
:e 


Bit 1 
Selected 
Bit 9 
Blt2 
} 
DRAINO 
Frequencies 
DRAIN2{ 
Bit 10 
Blt3 
Select 
Select 
Bit 11 
Bit4 
PWM-Frequency 
Bit 12 
Bit 5 
Multiplexer 
Bit 13 
Bil6 
}DRAIN1 
DRAIN3{ 
Bil14 
Bil7 
Select 
Select 
Bit 15 
Bit 8 
Bit 16 
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ALL DRAIN OUTPUTS 


VDD 


GND 
GND 


DATAVO 
SEROUT 
3: 
W- 
VCC 
J-- 
J 


VCC 
> 
W 
}-- 
~"ROO' 


[[ 


DATAVO 
a. 


~0 
::»c 
J 
0 
[[ 
GND 
- 
GND 
a. 


VCC 
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TERMINAL 
I/O 
DESCRIPTION 
NAME 
NO. 


DATA 110 
18 
I/O 
Programming 
data input/output 


DRAINO 
19 
0 
Drain outputs 0-3 
DRAIN1 
2 
DRAIN2 
9 
DRAIN3 
12 


G/A2 
7 
I 
Output Enable or Address 2 


GND 
5,6,15,16 
- 
Ground 


OSCNER 
1 
I 
Oscillator or Programming 
Verify 


PGM 
13 
I 
Program enable 


RCKlA3 
8 
I 
Register clock or Address 3 


SER IN/AD 
3 
I 
Serial input or Address 0 


SER OUT 
14 
0 
Serial out 


SRCLR/A1 
4 
I 
Shift-register 
clear or Address 1 


SRCKlA4 
10 
I 
Shift-register 
clock or Address 4 


VCC 
20 
- 
Logic supply voltage 


VDD 
11 
- 
Output supply voltage 


Vpp 
17 
- 
Programming 
supply voltage 
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TERMINAL 
NUMBER 
NORMAL 
MODE 
PROGRAM 
MODE 
(PGM = L) 
(PGM=H) 


1 
OSC 
VER 


3 
SERIN 
AO 


4 
SRCLR 
Al 


7 
G 
A2 


8 
RCK 
A3 


10 
SRCK 
A4 


BIT 
USER-PROGRAMMABLE 
DESCRIPTIONt 
NO. 
ADDRESS 
PARAMETER 


0 
00000 
Internal/External 
Oscillator 
Selects internal or external oscillator to be used for PWM clock 


1 
(LSB) 
00001 
2 
00010 
DRAINO 
Selects PWM frequency based on internal/external 
clock frequency and the 
3 
00011 
Frequency Multiplexer 
number of divide-by-2s 
chosen 
4 
(MSB) 
00100 


5 
(LSB) 
00101 
6 
00110 
DRAINl 
Selects PWM frequency 
based on internal/external 
clock frequency and the 
7 
00111 
Frequency Multiplexer 
number of divide-by-2s 
chosen 
8 
(MSB) 
01000 


9 
(LSB) 
01001 
10 
01010 
DRAIN2 
Selects PWM frequency 
based on internal/external 
clock frequency and the 
11 
01011 
Frequency Multiplexer 
number of divide-by-2s 
chosen 
12 
(MSB) 
01100 


13 
(LSB) 
01101 
14 
01110 
DRAIN3 
Selects PWM frequency 
based on internal/external 
clock frequency and the 
15 
01111 
Frequency Multiplexer 
number of divide-by-2s 
chosen 
16 
(MSB) 
10000 


17 
(LSB) 
10001 
DRAINO 
18 
10010 
Current Sense Adjust 
Selects the peak current for the PWM-chop mode 
19 
(MSB) 
10011 


20 
(LSB) 
10100 
DRAINl 
21 
10101 
Current Sense Adjust 
Selects the peak current for the PWM-chop mode 
22 
(MSB) 
10110 


23 
(LSB) 
10111 
DRAIN2 
24 
11000 
Current Sense Adjust 
Selects the peak current for the PWM-chop mode 
25 
(MSB) 
11001 


26 
(LSB) 
11010 
DRAIN3 
27 
11011 
Current Sense Adjust 
Selects the peak current for the PWM-chop mode 
28 
(MSB) 
11100 


29 
(LSB) 
11101 
30 
11110 
Oscillator Frequency Adjust 
Selects the frequency of the internal oscillator 
31 
(MSB) 
11111 
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PROGRAMMABLE 
PARAMETER 
OPTION SELECTED 
BINARY VALUE 
MSB< ... 
> LSB 


Internal Oscillator 
0 
Internal/External 
Oscillator 
External Oscillator 
1 


Oscillator + 1 
0000 


Oscillator + 2 
0001 


Oscillator+4 
0010 


Oscillator + 8 
0011 


Oscillator + 16 
0100 


Oscillator + 32 
0101 


Oscillator + 64 
0110 


Frequency Multiplexer for All 
Oscillator + 128 
0111 


Drain Outputs 
Oscillator + 256 
1000 


Oscillator + 512 
1001 


Oscillator + 1024 
1010 


Oscillator + 2048 
1011 


Oscillator + 4096 
1100 


Oscillator + 8192 
1101 


Oscillator + 16384 
1110 


Oscillator + 32768 
1111 


300 mAt 
000 


400 mAt 
001 


500 mAt 
010 


Current Sense Adjust for All 
600 mAt 
011 


Drain Outputs 
700 mAt 
100 


800 mAt 
101 


900 mAt 
110 


1000 mAt 
111 


Internal Oscillator, Frequency = 1.2 MHz 
000 


Internal Oscillator, Frequency = 1.1 MHz 
001 


Internal Oscillator, Frequency = 0.9 MHz 
010 


Internal Oscillator, Frequency = 0.8 MHz 
011 
Oscillator Frequency Adjust 
Internal Oscillator, Frequency = 0.6 MHz 
100 


Internal Oscillator, Frequency = 0.5 MHz 
101 


Internal Oscillator, Frequency = 0.3 MHz 
110 


Internal Oscillator, Frequency = 0.1 MHz 
111 
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absolute 
maximum 
ratings over operating 
case temperature 
range (unless otherwise 
noted)t 


Logic supply 
voltage, 
Vcc 
(see Note 1) 
7 V 
Logic input voltage 
range, VI 
-0.3 
V to 7 V 
Output 
supply 
voltage, 
VOO (see Note 1) 
40 V 
Programming 
supply 
voltage 
during 
programming, 
Vpp (see Notes 
1 and 2) 
16 V 
Programming 
supply 
voltage, 
verify/normal 
operation, 
Vpp 
7 V 
Power 
DMOS 
drain-to-source 
voltage, 
Vos 
(see Note 3) 
40 V 
Continuous 
source-to-drain 
diode current 
1 A 
Pulsed 
source-to-drain 
diode current 
(see Note 3) 
1 A 
PWM output 
current, 
each output, 
all outputs 
on, IOn, TA = 25°C, d = 10% 
(see Note 4 and Figure 
10) 
900 mA 
PWM output 
current, 
each output, 
all outputs 
on, IOn, TA = 25°C, d = 50% 


(see Note 4 and Figure 9) 
800 mA 
Peak drain current, 
single 
output, 
IOn, TA = 25°C (see Notes 3 and 4) 
1 A 
Avalanche 
current, 
IAS (see Note 5 and Figure 7) 
1 A 
Single-pulse 
avalanche 
energy, 
EAS (see Note 5 and Figure 7) 
100 mJ 
Continuous 
total dissipation 
See Dissipation 
Rating Table 
Operating 
case temperature 
range, TC 
-40°C 
to 125°C 
Operating 
virtual junction 
temperature 
range, TJ 
-40°C 
to 150°C 
Storage 
temperature 
range, Tstg 
-65°C 
to 150°C 
Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
NOTES: 
1. 
All voltage values are with respect to GND. 


2. 
For programming 
waveform, see Figure 2. 


3. 
Each power DMOS source is internally connected to GND. Pulse duration S100 JlS, duty cycle S 2%. 


4. 
Depends upon program current-sense 
adjust and load conditions. 


5. 
Vsupply = 24 V, starting junction temperature, 
(TJS) = 25°C, L = 87 mH, IAS = 1 A. 


PACKAGE 
TC S 25°C 
OPERATING 
FACTOR 
TC = 125°C 
POWER RATING 
ABOVE TC = 25°C 
POWER RATING 


NE 
2775 mW 
20 mW/oC 
555 mW 


NE on FR-4 PCB 
4163mW 
33.3 mW/oC 
833mW 


MIN 
MAX 
UNIT 


Logic supply voltage, VCC 
4.5 
5.5 
V 


Output supply voltage. VDD 
40 
V 


Programming 
supply voltage during programming, 
VPP 
12 
15 
V 


Programming 
supply voltage during verity or normal operation, Vpp 
VCC-0.7 
VCC 
V 


High·level input voltage, VIH 
0.85VCC 
VCC 
V 


Low-level input voltage, VIL 
0 
0.15VCC 
V 


Operating case temperature, 
TC 
-40 
125 
°C 
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PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VCBRlOSX 
Drain-source breakdown voltage 
10=1 
mA 
40 
V 


VSO 
Source-drain 
diode forward voltage 
IF=1 
A 
1 
1.5 
V 


10H = -20 
JiA, 
VCC=4.5V 
4.4 
4.45 
VOH{SER OUT) 
High-level output voltage 
V 
IOH=-4mA, 
VCC =4.5 V 
4 
4.2 


10L = 20 JiA, 
VCC=4.5V 
20 
100 
VOL(SER OUT) 
Low-level output voltage 
mV 
IOL=4 
mA, 
VCC =4.5 V 
300 
600 


VOH(OATA I/O) 
High-level data output voltage 
10H = -100 
JiA, 
VCC =4.5 V 
4.25 
4.48 
V 


VOUOATA I/O) 
Low-level data output voltage 
10L = 100 JiA, 
VCC=4.5V 
200 
250 
mV 


Vf 
Forward clamp voltage 
If= 1 A 
1.35 
2 
V 


IIH 
High-level input current 
VCC = 5.5 V, 
VI=VCC 
1 
JiA 


IlL 
Low-level input current 
VCC=5.5 
V, 
VI=O 
-1 
JiA 


ICC 
Logic supply current 
10=0, 
All inputs low 
1.6 
5 
mA 


ICC(freq) 
Logic supply current at frequency 
SRCK=5 
MHz, 
10=0 
5.5 
mA 


VOO = 40 V, 
VOS =35 V 
0.2 
1 


'OSX 
Off-state drain current 
JiA 
VOO=40V, 
VOS = 30 V, 
TC= 
125°C 
1 
5 


10=200 
mA, 
VCC=4.5V 
1 
1.5 
Static drain-to-source 
10 = 200 mA, 
VCC=4.5 
V, 
TC = 125°C 
1.6 
2.4 
Q 
rOS(on) 
on-state resistance 


10=750 
mA, 
VCC = 4.5 V 
1.1 
1.75 


""0 
:x:Jo 
C 


~ 
timing requirements 
over recommended 
ranges of supply voltage and operating 
case temperature 


-t 


""0 
:x:Jm<- 
m 
:E 


MIN 
MAX 
UNIT 


tsu 
Setup lime, SER IN high before SRCKi 
(see Figure 5) 
20 
ns 


tsu1 
Setup time, VER to PGM (see Figure 2) 
2 
~s 


tsu2 
Setup time, address and DATA I/O to Vpp (see Figure 2) 
2 
~s 


tsu3 
Setup time, PGM to DATA I/O (see Figure 2) 
2 
~s 


tsu4 
Setup time, PGM to address (see Figure 2) 
2 
~ 


th 
Hold time, SER IN high before SRCKi 
(see Figure 5) 
20 
ns 


th1 
PGM hold time, DATA I/O (see Figure 2) 
2 
~s 


th2 
Hold time, DATA I/O after Vpp (see Figure 2) 
2 
~s 


tw 
Pulse duration (see Figure 5) 
40 
ns 


tW1 
Pulse duration, Vpp program (see Figure 2) 
5 
ms 


tad 
Propagation delay, VER to DATA I/O (see Figure 2) 
2 
~s 


tr 
Rise time, Vpp during programming 
(see Figure 2) 
2 
3 
ms 


tf 
Fall time, Vpp during programming 
(see Figure 2) 
2 
3 
ms 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tpLH 
Propagation delay time, low-to-high-Ievel 
output from G 
CL = 30 pF, 
10=250 
mA, 
650 
ns 


tpHL 
Propagation delay lime, high-to-Iow-Ievel 
output from G 
See Figure 5 
150 
ns 


tr1 
Rise time, drain output (see Figure 5) 
750 
ns 


tf1 
Fall time, drain output (see Figure 5) 
425 
ns 


trr 
Reverse-recovery 
time (see Figure 6) 
300 
ns 


trra 
Reverse-recovery 
current rise time (see Figure 6) 
IF = 250 mA, 
di/dt = 40 A/~s 


100 
ns 
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PARAMETER 
TEST CONDITIONS 
MIN 
MAX 
UNIT 


RaJC 
Thermal resistance, junction-to-case 
All four outputs with equal power 
8.3 


°CIW 
RaJA 
Thermal resistance, junction-to-ambient 
All four outputs with equal power 
50 


I•• 
I 
It 50% 


I 
I 


Isu1 
i'iI 
~ 
Isu1 
I•• 
m 
50%: 
! 


~ 
I 


ISU3~ 
I 
I 
I 
I 
I 
K 50% 
Dala In Slable 
50%) 


I 
I 
I 
:!~: 
I 
su 
2 
: 
)K50% 
Address 
Table 
i 
I 
I 


Isu4-+-.J 
: 14- IW1 --+l 
: 


J ;- 
90% 
~vo%-r------------- 
VPP 


10%1; 
I 
_ 10% 
II 
(( 
V 
I 
I 
)j 
CC 


Ir~~ 
II" 
~lh2 


If 
~ 
i+- 


.~ 
Verify ---.: 


I 
I 


I r'!E__ 
- 
VIH 
I 
I 
50% 
I 
I 
VIL 


I 
Ih1 --J4-+I 
.1 
I 


I~~----VIH 


jf50% 
~ 


i 
I 
VIL 


I 
I 
I 
i++I lpel 


I 
I 


Hi-Z 
~Data 
Out 
50% - - - 
VIH 
Valid 


----- 
VIL 


I 
I:~ 
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r----' 
II 
I 
Word 
I Generator 
I 
I(see Note A) 
I 
I 
III 
I 
L 
.J 


r----' 
III 
I 
Word 
I 
I 
Generator 
I 
I (see Note A) 
I 
IL 
.J 


3 
2 
1 
0 
5V 
15 V 
·ruUlJl----- 
SRCK 


4 
ID~ 
GJ 
C 


10 
RL=60Q 
SERIN 
n------ 


SRCK 
2,9, 
OUT 
12,19 
Output 
n::= 
3 
RCK 
SERIN 
DRAIN 


5V 


OV 


5V 


OV 
5V 


OV 
5V 


OV 


SRCLR L-J-_-_-_-_-_-_-_-_-_-_-_-_- : ~ 


15 V 


0.5V 


8 
RCK 


7 G 
I 


CL=30pF 


_ 
(see Note B) 


GND 


5,6,15,16 
g=::~~'J------ 
:~5: 


VOLTAGE WAVEFORMS 


3 2 1 0 
SRCK 
nnnn--------- ~~ 


SERIN 
n---------- ~'~ 


RCK 
n-------- ~~ 


-- 
---, r 
5V 
SRCLR 
L.....L 
OV 


G --.J~--------_-_-_-_-_-_-_-_-_ 
~~ 


IL 
2mH 
1Q 


OUT 


3 
SER IN 
DRAIN 
2,9, 


8 
RCK 
12,19 


7 G 
DRAIN1, --.J--------- ------- 15 V 
DRAIN2 
------- 
0.5 V 


ISENSE 
GND 


5,6,15,16 
IL DRAIN1, 
IL DRAIN2 


OSCNER 
(see Note C) 


NOTES: 
A, 
The word generator 
has the following characteristics: 
tr " 10 ns, tf " 10 ns, tw = 300 ns, pulsed repetition rate (PRR) = 5 kHz, 
Zo=50Q. 


B. 
CL includes probe and jig capacitance. 


C. 
DRAINO and DRAIN3 remain at 15 V with 0A IL. 
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50% 
I 
~ 
14- tpLH 
I 
I 
90% 


110% 


1 
~ 
~tr1 


SWITCHING TIMES 


90% I 


10% 1 
0.5 V 
-.J :.- tf1 


r------, 
I 
I 
I 
IIIIII 
I 
L 
.J 


Output 
RL=95Q 


Output 


I 
I 
OV 


~ 
~tPHL 


15 V 


Word 
Generator 
(see Note A.) 


OUT 


3 
SER IN 
DRAIN 


8 
RCK 


7 
G 
I 


CL=30pF 


_ 
{see Note B)SRC~"' 
...J-t..._50~ 
\ 
_ 


tsu 
14 
_I 
1 


1 
r- 
-I 
th 


SER IN 
~l>__5~. 
\ 
5;.- 
- 
- 
- 
- 
:: 


~ 
tw---.l 


GND 


5,6,15,16 


NOTES: 
A. 
The word generator has the following characteristics: 
tr S 10 ns, tf S 10 ns, tw ; 300 ns, pulsed repetition rate (PRR) ; 5 kHz, 


ZO=50Q. 


B. 
CL includes probe and jig capacitance. 


r----------, 
I 
DRAINI 
IIIIIIIIL 
.J 


t2 
14----.1 


11~ 
-..I 
i4--- 
t3 
I 
I -~-f 
...r-L.J L 
RG 


Circuit 
Under 


Te~ 


2~50~F 
T 250 V 


-=- 
+ 


L = 1 mH 
25 V -1- 


TPA 
1Ft 
(see Note B) 


VGG 
(see NotE'A) 
I 
I 
1..- trr --+I 


TEST CIRCUIT 
CURRENT WAVEFORM 


NOTES: 
A. 
The VGG amplitude 
and RG are adjusted for dVdt ; 
40 A/~s. A VGG double-pulse 
train is used to set IF ; 
0.25 A, where 
t1 ; 15 ~s, t2 ; 8.5 liS, and t3 ; 3.5 ~s. 
B. 
The DRAIN terminal under test is connected to the TP K test point. All other terminals are connected together and connected to the 
TP A test point. 
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r-----' 
I 


II 
Word 
I 
Generator 
(see Note A) 
IIL 
.J 


1Q 


10~ 


87mH 


2,9, 
12,19 
VOS 
DRAIN 


OUT 
3 
SERIN 


8 
RCK 


7 G 


VCC 
GNO 
20 
5,6,15,16 


5V 


SINGLE-PULSE 
AVALANCHE-ENERGY 
TEST CIRCUIT 


~ 
tw~~ 
tav 


~ 


I 
I 
-5V 


Input 
I 
: 
[ 
SeeNoteB 
I 
I 
OV 


: 
-i-IAS=1A 


10 
I 
I 
I 


I 
I 
I 
I 


~ 


- 
V(BR)OSX=40VMIN 
VOS 
I 
I 
I 


NOTES: 
A. 
The word generator has the following characteristics: 
tr $ 10 ns, tf $ 10 ns, Zo = 50 Q. 


B. 
Input pulse duration (twl is controlled by the value of peak current IAS = 1 A. 


IAS 
x 
V(BR)DSX 
x 
tav 


Energy test level is defined 
as EAS 
= 
2 
= 100 mJ, 


where tav 
= avalanche 
time. 
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13 


12 


c( 
11 
E 
I 
10 
C 
~ 
9 
"u,.. 
8 
ii. 
Co 
" 
Ul 
7 


I 
U 
6 
.5? 


5 


4 


SUPPLY CURRENT 
vs 
FREQUENCY 


, 


VCC= 5 V 
TJS=125°C 


/ 
I 


..,,/ 
,..., 


10 


f - Frequency - MHz 


MAXIMUM PEAK DRAIN CURRENT OF EACH OUTPUT 
vs 
NUMBER OF OUTPUTS CONDUCTING 
SIMULTANEOUSLY 
c:: 


I 
•• 
0.9 
"c 
~ 
c( 
0.8 
••••• 
I 
a: 
C 
0.7 
J!! 
t!! 
~ 
5u 
0.6 
C 
c 
0 
'! 
0.5 
••~ 
C 
" 
... 
0 
co 
0.4 
Ul 
&. 
c 
I 
0i! 
E 
0.3 
C 
VCC =5V 
"~ 
0.2 
TA = 85°C 
in 
d = tw/tperiod 
I 
0.1 
= 1 ms/tperiod 
C 


0 
~ 
1 
2 
3 
4 
8 


MAXIMUMPWM 
CURRENT OF EACH OUTPUT 
vs 
NUMBER OF OUTPUTS CONDUCTING 
SIMULTANEOUSLY 


0.3 
VCC=5 V 
VOO=12V 
0.2 
FR-4 Board 
6J = 30°CIW 
0.1 
TJMAX = 150°C 
d=50% 


STATIC DRAIN-SOURCE 
ON-STATE RESISTANCE 
vs 
DRAIN CURRENT 


I 
VCC = 5.5 V 
See Note A 


TC = 125°':'- ~ 
~ 


I 


I 
---- 
TC = 25°C 
- 
TC=-40°C 
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9 
3 
., 
u 
" 
to 
'lii 
'iij 
2.5 
., 
a:! 
"o., 
~ 
::lo 
"l 
"'!c 
~ 
~ 
I 
'2£. 
VI 
E' 


STATIC DRAIN-SOURCE 
ON-STATE RESISTANCE 
vs 
LOGIC SUPPLY VOLTAGE 


SWITCHING TIME 
vs 
FREE-AIR TEMPERATURE 
40 
10=250 mA 
CL = 30 pF 
35 
See Note A 


••" 
30 
I., 
E 
i= 
25 
Cl 
":E~'i 
20 
VI 


15 


10 
7 
-50 
0 
50 
100 
150 


TA - Free-Air 
Temperature 
- °C 


Figure 13 
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_G_e_n_e_r_a_ll_n_fo_rrn_a_ti_o_n 
B 
~----~IEI 
Power+ ™ Products 
. 


Peripheral Drivers/Actuators 
•• 


Applications 
• 


_M_e_c_h_a_n_ic_a_I_D_a_t_a 
1I 


lEI 
" 
CD 
:!. 
"'C::r 
CD., 
S» 
C 
:!. 
< 
CD., 
tn 
i> 
o•••c 
S»•••o., 
tn 


• 
Designed for -S2-V Battery Operation 
• 
SO-mAOutput Current Capability 
• 
Input Compatible With TTL and CMOS 
• 
High Common-Mode Input Voltage Range 


• 
Very Low Input Current 
• 
Fail-Safe Disconnect Feature 
• 
Built-in Output Clamp Diode 
• 
Direct Replacement for National Ds3680 
and Fairchild ~3680 


description 


The DS3680 telephone relay driver is a monolithic 
integrated circuit designed to interface -48-V 
relay 
systems 
to 
TTL 
or 
other 
systems 
in 
telephone applications. It is capable of sourcing 
up to 50 mA from standard -52-V battery power. 
To reduce the effects of noise and IRdrop between 
logic ground and battery ground, these drivers are 
designed to operate with a common-mode input 
range of ±20 V referenced to battery ground. The 
common-mode input voltages for the four drivers 
can be different, so a wide range of input elements 
can 
be accommodated. 
The 
high-impedance 
inputs are compatible 
with positive TTL and 
CMOS levels or negative logic levels. A clamp 
network is included in the driver outputs to limit 
high-voltage transients generated by the relay coil 
during 
switching. 
The 
complementary 
inputs 
ensure that the driver output is off as a fail-safe 
condition when either output is open. 


The DS3680 is characterized for operation from 
O°C to 70°C. 


053680 
QUAD TELEPHONE RELAY DRIVER 


o OR N PACKAGE 
(TOP VIEW) 


11N+ 
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2 
13 
1 OUT 
21N- 
3 
12 
2 OUT 
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4 
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10 
40UT 
31N- 
6 
9 
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7 
8 
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BATGND 
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ltandlrd 
warranty. Production procenlng does not necessarily Include 
testing 
of all parameters. 


053680 
QUAD TELEPHONE RELAY DRIVER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage range at BAT NEG, VBAT_ (see Note 1) 
-70 V to 0.5 V 
Input voltage range with respect to BAT GND 
-70 V to 20 V 
Input voltage range with respect to BAT NEG 
-0.5 V to 70 V 
Differential input voltage, VIO (see Note 2) 
±20 V 
Output current, 10: 
Resistive load 
-100 mA 
Inductive load 
-50 mA 
Inductive output load 
5 H 
Continuous total dissipation 
See Dissipation Rating Table 
Operating free-air temperature range, TA 
O°Cto 70°C 
Storage temperature range, Tstg 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 
260°C 


NOTES: 
1. 
All voltages are with respect to BAT GNO, unless otherwise specified. 
2. 
Oifferential input voltages are althe 
noninverting 
inpulterminallN+ 
with respect to the inverting input terminal IN -. 


DISSIPATION 
RATING TABLE 


TA S 25°C 
DERATING 
FACTOR 
TA = 70°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 


950mW 


1150mW 


7.6mW/oC 


9.2 mW/oC 


608mW 


736mW 


MIN 
MAX 
UNIT 


Supply voltage, VBAT _ 
-10 
-60 
V 


Input voltage, either input 
-20t 
20 
V 


High-level differential input voltage, VIOH 
2 
20 
V 


Low-level differential input voltage, VIOL 
-20t 
0.8 
V 


Operating free-air temperature, 
TA 
0 
70 
°C 


electrical characteristics over recommended operating free-air temperature range, VBAT_ = -52 V 
(unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYp:j: 
MAX 
UNIT 


VIO =2V 
40 
100 
IIH 
High-level input current (into IN +) 
VIO = 7V 
375 
1000 
J.1A 


IlL 
VIO = 0.4 V 
0.01 
5 
Low-level input current (into IN +) 
VIO =-7V 
-1 
-100 
J.1A 


VO(on) 
On-stage output voltage 
10 = 50 mA, 
VIO =2V 
-1.6 
-2.1 
V 


10(off) 
1VIO =0.8 V 
-2 
-100 
Off-stage output current 
va = VBAT- 
J.1A 
IInputs open 
-2 
-100 


IR 
Clamp diode reverse current 
VO=O 
2 
100 
IlA 


VOK 
Output clamp voltage 
10=50 
mA 
0.9 
1.2 
V 
10=-50mA, 
VBAT 
=0 
-0.9 
-1.2 


IBATton) 
On-state battery current 
All drivers on 
-2 
-4.4 
mA 


IBAT(off) 
Off-state battery current 
All drivers off 
-1 
-100 
J.1A 
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053680 
QUAD TELEPHONE 
RELAY DRIVER 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


ton 
Turn-on time 
VIO = 3-V pulse, 
RL= 1 kn, 
1 
10 
lIs 


Ioff 
Turn-off lime 
L= 1 H, 
See Figure 2 
1 
10 
lIs 


Output 


RL = 1 kQ 


Inputd 
~---- 
:: 


I 
I 


~ 
~ 
ton 
---./ 
~ 
toft 


I ,..------------.-1---- 
VO(on) 


-2S~ 
-2SXv,,-- 
=-S2V 


VOLTAGE WAVEFORMS 


~TEXAS 
INSTRUMENTS 


053680 
QUAD TELEPHONE RELAY DRIVER 


52-V Battery 


+ III - 
1: 


SN74XX 
-=- 
r--.., 
90S3680 


1 
BATNEG 
11N+ 
2 
11N- 
3 
21N+ 
4 
21N- 
5 
31N+ 
I 


6 
31N- 
8 
I 
I 


41N + 
7 
41N- 
L __ 
.J 


Control- 
-=- 


Signal 
Source 


BATGNO 


14 


K1 - K4 


50-V Relay Coils - 50 mA MAX 
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• 
1-A Output Current Capability 
Per Driver 


• 
Pulsed Current 2-A Driver 
• 
Wide Supply Voltage Range: 4.5 V to 36 V 


• 
Separate Input-Logic 
Supply 


• 
NE Package Designed for Heat Sinking 


• 
Thermal Shutdown 


• 
Internal ESD Protection 
• 
High-Noise-Immunity 
Inputs 


• 
Functional 
Replacement for SGS L293 


description 


The L293 is a quadruple high-current half-H driver 
designed to provide bidirectional drive currents of 
up to 1 A at voltages from 4.5 V to 36 V. It is 
designed to drive inductive loads such as relays, 
solenoids, dc and bipolar stepping motors, as well 
as 
other 
high-currentlhigh-voltage 
loads 
in 
positive-supply applications. 


All inputs are TTL compatible. Each output is a 
complete totem-pole drive circuit with a Darlington 
transistor sink and a pseudo-Darlington source. 
Drivers are enabled in pairs with drivers 1 and 2 
enabled by 1,2EN and drivers 3 and 4 enabled by 
3,4EN. 
When 
an 
enable 
input 
is high, the 
associated drivers are enabled and their outputs 
are active and in phase with their inputs. When the 
enable input is low, those drivers are disabled and 
their outputs are off and in a high-impedance 
state. With the proper data inputs, each pair of 
drivers form a full-H (or bridge) reversible drive 
suitable for solenoid or motor applications. 


External high-speed output clamp diodes should 
be used for inductive transient suppression. A 
VCC1terminal, separate from VCC2,isprovided for 
the 
logic 
inputs 
to 
minimize 
device 
power 
dissipation. 


The L293 is designed for operation from ooe 
to 70oe. 


L293 
QUADRUPLE HALF·H DRIVER 


1,2EN 
1A 
1Y 


HEAT SINK AND { 
GROUND 


2Y 


2A 


VCC2 


NEPACKAGE 
(TOP VIEW) 


1 U 16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


7 
10 


8 
9 


VCC1 
4A 


4Y 


} 
HEAT SINK AND 
GROUND 


3Y 
3A 
3,4EN 


EN 
1,2EN 
EN 


t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC publication 617-12. 


1A 
~1 
3 
1y 


1,2EN 
7 
6 
2A 
2Y 


11 
3A 
3Y 


3,4EN 


FUNCTION TABLE 
(each driver) 


INPUTS* 
OUTPUT 


A 
EN 
Y 


H 
H 
H 
L 
H 
L 
X 
L 
Z 


H = high-level, L = low-level, 
X = irrelevant, Z = high-impedance 
(off) 


:j: In the 
thermal 
shutdown 
mode, 
the 
output 
is in the high-impedance 
state 
regardless of the input levels. 
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L293 
QUADRUPLE HALF·H DRIVER 


absolute 
maximum 
ratings over operating 
free-air temperature 
range (unless otherwise 
noted) 


Supply voltage, VCC1 (see Note 1) 
36 V 
Output supply voltage range, VCC2 
36 V 
Input voltage range, VI 
7 V 
Output voltage range, Vo 
................................•.................... 
-3 V to VCC2 + 3 V 
Peak output current, 10 (nonrepetitive, t ~ 5 ms) 
±2 A 
Continuous output current, 10 
±1 A 
Continuous total dissipation at (or below) 25°C free-air temperature (see Notes 2 and 3) 
2075 mW 
Continuous total dissipation at ao°c case temperature (see Note 3) 
5000 mW 
Operating case or virtual junction temperature range, TA 
-40°C to 150°C 
Storage temperature range, Tstg 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


NOTES: 
1. 
All voltage values are with respect to the network ground terminal. 


2. 
For operation above 25°C free-air temperature, 
derate linearly at the rate of 16.6 mW/oC. 


3. 
For operation above 25°C case temperature, derate linearly atthe rate of71.4 mW/oC. Due to variations in individual device electrical 
characteristics 
and thermal resistance, the built-in thermal overload protection may be activated at power levels slightly above or 
below the rated dissipation. 


MIN 
MAX 
UNIT 


Logic supply voltage, VCC1 
4.5 
7 
V 


Output supply voltage, VCC2 
36 
V 


IVCC1$7V 
2.3 
High-level input voltage, VIH 
IVCC1?7V 
V 
2.3 
7 


Low-level output voltage, VIL 
-0.3t 
1.5 
V 


Operating free-air temperature, 
TA 
0 
70 
°C 
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L293 
QUADRUPLE HALF-H DRIVER 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VOH 
High-level output voltage 
10H ;-1 
A 
VCC2-1.8 
VCC2-1.4 
V 


VOL 
Low-level output voltage 
10L; 
1 A 
1.2 
1.8 
V 


A 
0.2 
100 
IIH 
High-level input current 
- 
VI;7V 
~ 
EN 
0.2 
±10 


A 
-3 
-10 
IlL 
Low-level input current 
- 
VI; 
0 
~ 
EN 
-2 
-100 


All outputs at high level 
13 
22 


ICC1 
Logic supply current 
10;0 
All outputs at low level 
35 
60 
mA 


All outputs at high impedance 
8 
24 


All outputs at high level 
14 
24 


ICC2 
Output supply current 
10;0 
All outputs at low level 
2 
6 
mA 


All outputs at high impedance 
2 
4 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tpLH 
Propagation delay time, low-to-high-Ievel 
output from A input 
800 
ns 


tpHL 
Propagation 
delay time, high-to-Iow-Ievel 
output from A input 
400 
ns 


lTLH 
Transition time, low-to-high-Ievel 
output 
CL; 
30 pF, 
See Figure 1 
300 
ns 


tTHL 
Transition time, high-to-Iow-Ievel 
output 
300 
ns 


Input 
5V 
24V 
Input 


Pulse 
Generator 
(see Note A) 


y 
Output 


3V 
EN 
CL;30pF 


GND I(see Note B) 


-=- 
Output 


TEST CIRCUIT 


Htr 


I 
90% 


I 


I 
I 
I 
I 
-1------ 
0 
~tw----·I 
I 
I 
I 
I 


I 
I 


14-----+1- 
tpHL 
I~ 


I 
I 
I 
I 


10% 
I 
I-i--VOL 
r----r 
tTLH 


NOTES: 
A. 
The pulse generator has the following characteristics: 
tr ~ 10 ns, tf ~ 10 ns, tw ; 10 ~s, PRR ; 5 kHz, Zo ; 50 Q 


B. 
CL includes probe and jig capacitance. 
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L293 
QUADRUPLE HALF-H DRIVER 


1,2EN 
1 


3,4EN 


9 


VCC2 


3 


o 
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• 
600-mA Output Current Capability 
Per 
Driver 


• 
Pulsed Current 1.2-A Per Driver 


• 
Output Clamp Diodes for Inductive 
Transient Suppression 


• 
Wide Supply Voltage Range 
4.5 V to 36 V 


• 
Separate Input-Logic 
Supply 


• 
Thermal Shutdown 
• 
Internal ESD Protection 
• 
High-Noise-Immunity 
Inputs 


• 
Functional 
Replacement for SGS L293D 


description 


The L293D is a quadruple high-current half-H 
driver designed 
to provide 
bidirectional 
drive 
currents of up to 600-mA at voltages from 4.5 V to 
36 V. It is designed to drive inductive loads such as 
relays, solenoids, dc and bipolar stepping motors, 
as well as other high-currentlhigh-voltage loads in 
positive-supply applications. 


All inputs are TTL-compatible. Each output is a 
complete totem-pole drive circuit with a Darlington 
transistor sink and a pseudo-Darlington source. 
Drivers are enabled in pairs with drivers 1 and 2 
enabled by 1,2EN and drivers 3 and 4 enabled by 
3,4EN. 
When 
an 
enable 
input 
is high, 
the 
associated drivers are enabled, and their outputs 
are active and in phase with their inputs. External 
high-speed output clamp diodes should be used 
for inductive transient suppression. When the 
enable input is low,those drivers are disabled, and 
their outputs are off and in a high-impedance 
state. With the proper data inputs, each pair of 
drivers form a full-H (or bridge) reversible drive 
suitable for solenoid or motor applications. 


A VCC1terminal, separate from VCC2,is provided 
for the logic inputs to minimize device power 
dissipation. 


The L293D is designed for operation from ooe 
to 70oe. 


L293D 
QUADRUPLE HALF·H DRIVER 
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1A 


1Y 


HEAT SINK AND { 
GROUND 
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4A 
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} 
HEAT SINK AND 
GROUND 


3Y 


3A 
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logic symbolt 


2 
C> 
1A 
3 
'11 
1Y 
EN 
1,2EN 
EN 
C> 
6 
'11 
2Y 
2A 


3A 
C> 
11 
'11 
3Y 
EN 
3,4EN 
EN 
C> 
14 
15 
'11 
4Y 
4A 
t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 
and IEC Publication 617-12. 
logic diagram 


1A 


~ 


1Y 


1,2EN 
7 
6 
2A 
2Y 


3A 
3Y 


3,4EN 


4A 
4Y 


FUNCTION TABLE 
(each driver) 


INPUTS* 
OUTPUT 


A 
EN 
V 


H 
H 
H 
L 
H 
L 


X 
L 
Z 


H = high-level, L = low level, 
X = irrelevant, Z = high-impedance 
(off) 


:j: In the thermal 
shutdown 
mode, the 
output is in the high-impedance 
state 
regardless of the input levels. 


~~~~~t~~~~o~:1: 
.~O:~W~;'sl~;U;:~~~~:: 
~~~~~~~~~ 
standard 
warranty. 
Production 
processIng 
does 
not necessarily 
Include 
testing at all parameters. 
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L293D 
QUADRUPLE HALF·H DRIVER 


absolute 
maximum 
ratings over operating 
free-air temperature 
range (unless 
otherwise 
noted) 


Logic supply voltage range, VCC1 (see Note 1) 
36 V 
Output supply voltage range, VCC2 
36 V 


Input voltage range, VI 
7 V 


Output voltage range, Vo 
..........................•.......................... 
-3 V to VCC2 + 3 V 
Peak output current (nonrepetitive, t ~ 100 IlS) 
± 1.2 A 


Continuous output current, 10 
±600 mA 


Continuous total dissipation at (or below) 25°C free-air temperature (see Notes 2 and 3) 
2075 mW 
Continuous total dissipation at ao°c case temperature (see Note 3) 
5000 mW 
Operating case or virtual junction temperature range, TJ 
-40°C to 150°C 
Storage temperature range, Tstg 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inc,h)from case for 10 seconds 
260°C 


NOTES: 
1. 
All voltage values are with respect to the network ground terminal. 


2. 
For operation above 25°C free-air temperature, 
derate linearly at the rate of 16.6 mWf'C. 
3. 
For operation above 25°C case temperature, derate linearly at the rate of 71 .4 mWf'C. Due to variations in individual device electrical 
characteristics 
and thermal resistance, the built-in thermal overload protection may be activated at power levels slightly above or 
below the rated dissipation. 


MIN 
MAX 
UNIT 


Logic supply voltage, VCC1 
4.5 
7 
V 


Output supply voltage, VCC2 
VCC1 
36 
V 


IVCC1S7V 
2.3 
VCC1 
High-level input voltage, VIH 
IVCC1?7V 
V 
2.3 
7 


Low-level input voltage, VIL 
-0.3t 
1.5 
V 


Operating free-air temperature, 
TA 
0 
70 
°C 


t The algebraic convention, 
in which the least positive (most negative) value is designated 
minimum, is used in this data sheet for logic voltage 
levels. 
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L293D 
QUADRUPLE HALF-H DRIVER 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


VOH 
High-level output voltage 
10H =-0.6A 
VCC2-1.8 
VCC2-1.4 
V 


VOL 
Low-level output voltage 
10L= 
0.6A 
1.2 
1.8 
V 


VOKH 
High-level output clamp voltage 
IOK=-0.6A 
VCC2+1.3 
V 


VOKL 
Low-level output clamp voltage 
IOK=-0.6A 
1.3 
V 


A 
0.2 
100 
IIH 
High-level input current 
I--- 
VI=7V 
~A 
EN 
0.2 
±10 


A 
-3 
-10 
IlL 
Low-level input current 
EN 
VI=O 
-2 
-100 
~A 


All outputs at high level 
13 
22 


ICC1 
Logic supply current 
10=0 
All outputs at low level 
35 
60 
mA 


All outputs at high impedance 
8 
24 


All outputs at high level 
14 
24 


ICC2 
Output supply current 
10=0 
All outputs at low level 
2 
6 
mA 


All outputs at high impedance 
2 
4 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tpLH 
Propagation 
delay time, low-to-high-Ievel 
output from A input 
800 
ns 


tpHL 
Propagation 
delay time, high-to-Iow-Ievel 
output from A input 
400 
ns 


tTLH 
Transition time, low-to-high-Ievel 
output 
CL = 30 pF, 
See Figure 1 
300 
ns 


lTHL 
Transition time, high-to-Iow-Ievel 
output 
300 
ns 


~tr 
I 
I 
I 
90% 


I 
I I-1------ 
0 
----I 


1 


14 


Pulse 
Generator 
(see Note A) 


VCC1VCC2 


A 


CL = 30 pF 
I(see Note B) 


I 
I 
10% 
I 
I -1-- VOL 


~lTLH 


NOTES: 
A. 
The pulse generator has the following characteristics: 
tr 510 
nS,tf 510 
ns, tw = 10 ~s, PRR = 5 kHz, Zo = 50 Q. 


B. 
CL includes probe and jig capacitance. 
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L293D 
QUADRUPLE HALF·H DRIVER 


1,2EN 
1 


3,4EN 


9 


1Y 


3 
0 
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2Y 


6 
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SN554518 THRU SN554548 
SN754518 THRU SN754548 
DUAL PERIPHERAL DRIVERS 
SLRS021A- 
DECEMBER 
1976 - REVISED 
MAY 1993 


PERIPHERAL 
DRIVERS 
FOR 
HIGH-CURRENT 
SWITCHING 
AT 
VERY HIGH SPEEDS 


• 
Characterized for Use to 300 mA 
• 
High-Voltage Outputs 
• 
No Output Latch-Up at 20 V (After 
Conducting 300 mA) 


• 
High-Speed Switching 
• 
Circuit Flexibility for Varied Applications 


• TTL-Compatible Diode-Clamped Inputs 


• 
Standard Supply Voltages 
• 
Plastic DIP (P) With Copper Lead Frame 
Provides Cooler Operation and Improved 
Reliability 


• 
Package Options Include Plastic 
Small-Outline Packages, Ceramic Chip 
Carriers, and Standard Plastic and Ceramic 
300-mil DIPs 


SN55451B, 
SN55452B, 


SN55453B, 
SN55454B 
... 
JG PACKAGE 
SN75451B, 
SN75452B, 


SN75453B, 
SN75454B 
... 
D OR P PACKAGE 
(TOP VIEW) 
1AD8 
VCC 
18 
2 
7 
28 
1Y 
3 
6 
2A 
GND 
4 
5 
2Y 


SN55451B,SN55452B 
SN55453B, 
SN55454B 
... 
FK PACKAGE 


(TOP VIEW) 
o 


~;:!~~~ 


3 
2 
1 
2019 
4 
18 


5 
17 


6 
16 


7 
15 


8 
14 


9 
10 11 12 13 


DEVICE 
LOGIC OF 
PACKAGES 
COMPLETE 
CIRCUIT 


SN55451B 
ANDt 
FK,JG 


SN55452B 
NAND 
JG 


SN55453B 
OR 
FK,JG 


SN55454B 
NOR 
JG 


SN75451B 
AND 
D,P 


SN75452B 
NAND 
D, P 


SN75453B 
OR 
D,P 


SN75454B 
NOR 
D,P 


000>-0 
zzzC\Jz 
(!) 


NC - No internal connection 


t With output 
transistor 
base connected 
externally 
to 


output of gate 


description 


The SN55451 B through SN55454B and SN75451 B through SN75454B are dual peripheral drivers designed 
for use in systems that employ TIL 
logic. This family is functionally interchangeable with and replaces the 


SN75450 family and the SN75450A family devices manufactured previously. The speed of the devices is equal 
to that of the SN75450 family, and the parts are designed to ensure freedom from latch-up. Diode-clamped 
inputs simplify circuit design. Typical applications include high-speed logic buffers, power drivers, relay drivers, 
lamp drivers, MOS drivers, line drivers, and memory drivers. 


The SN55451 B/SN75451 B, SN55452B/SN75452B, SN55453B/SN75453B, and SN55454B/SN75454B are 
dual peripheral AND, NAND, OR, and NOR drivers, respectively (assuming positive logic), with the output of 
the logic gates internally connected to the bases of the npn output transistors. 


The SN55' drivers are characterized for operation over the full military range of -55°e 
to 125°e. The SN75' 


drivers are characterized for operation from ooe to 70oe. 


PRODUCTION 
DATA 
information 
is current 
as of 
publication 
date. 
Products 
conform 
to specifications 
per the terms 
of Texas Instruments 
standard 
warranty. 
Production 
processing 
does 
not necessarily 
include 
testing 
of all parameters. 
~TEXAS 
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SN55451 B THRU SN55454B 
SN75451 B THRU SN75454B 
DUAL PERIPHERAL DRIVERS 
SLRS021A- 
DECEMBER 
1976 - REVISED 
MAY 1993 


SNSS' 
SN7S' 
UNIT 


Supply voltage, VCC (see Note 1) 
7 
7 
V 


Input voltage, VI 
5.5 
5.5 
V 


Inter-emitter voltage (see Note 2) 
5.5 
5.5 
V 


Off-state output voltage, Vo 
30 
30 
V 


Continuous 
collector or output current, 10K (see Note 3) 
400 
400 
mA 


Peak collector or output current, II (tw ~ 10 ms, duty cycle ~ 50%, see Note 4) 
500 
500 
mA 


Continuous total power dissipation 
See Dissipation Rating Table 


Operating free-air temperature 
range, TA 
-55to125 
Ot070 
°c 


Storage temperature 
range, Tsto 
-65 
to 150 
-65 
to 150 
°c 


Case temperature 
for 60 seconds 
FK package 
260 
°C 


Lead temperature 
1,6 mm (1/16 inch) from case for 60 seconds 
JG package 
300 
°C 


Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
D or P package 
260 
°C 


NOTES: 
1. 
Voltage values are with respect to network GND, unless otherwise specified. 
2. 
This is the voltage between two emitters of a multiple-emitter 
transistor. 
3. 
This value applies when the base-emitter 
resistance (RBE) is equal to or less than 500 O. 
4. 
Both halves of these dual circuits may conduct rated current simultaneously; 
however, power dissipation averaged over a short time 
interval must fall within the continuous 
dissipation rating. 


TA~2SoC 
POWER RATING 


725mW 


1375 mW 


1050mW 


1000mW 


DISSIPATION 
RATING TABLE 


DERATING FACTOR 
TA = 70°C 
ABOVE TA = 2SoC 
POWER RATING 


5.8 mW/oC 
464 mW 


11.0 mW/oC 
880 mW 


8.4 mW/oC 
672 mW 


8.0 mW/oC 
640 mW 


275mW 


210mW 


SNSS' 
SN7S' 
UNIT 
MIN 
NOM 
MAX 
MIN 
NOM 
MAX 


Supply voltage. VCC 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


High-level input voltage, VIH 
2 
2 
V 


Low-level input voltage, VIL 
0.8 
0.8 
V 


Operating free-air temperature, 
TA 
-55 
125 
0 
70 
°c 


~TEXAS 
INSTRUMENTS 


SN55451B THRU SN55454B 
SN75451 B THRU SN75454B 
DUAL PERIPHERAL DRIVERS 


SLRS021 A - DECEMBER 
1976 - REVISED 
MAY 1993 


:: 
E1: 
... __ 
&_[>__ 
Q_~3 
1Y 


7 
2Y 
2B 
-------- 
t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and lEe publication 617-12. 


Pin numbers shown are for the D, JG, and P packages. 


FUNCTION TABLE 
(each driver) 


A 
B 
Y 


L 
L 
L (on state) 


L 
H 
L (on state) 


H 
L 
L (on state) 


H 
H 
H (off state) 


SN55451B 
SN75451B 


PARAMETER 
TEST CONDITIONS'" 
TYP§ 
TYP§ 
UNIT 


MIN 
MAX 
MIN 
MAX 


VIK 
Input clamp voltage 
Vee=MIN, 
11=-12mA 
-1.2 
-1.5 
-1.2 
-1.5 
V 


Vee 
= MIN, 
VIL = 0.8 V, 
0.25 
0.5 
0.25 
0.4 


VOL 
Low-level output voltage 
IOL= 
100 mA 


V 


Vee 
= MIN, 
VIL = 0.8 V, 
0.5 
0.8 
0.5 
0.7 
IOL= 300 mA 


IOH 
High-level output current 
Vee= 
MIN, 
VIH = MIN, 
300 
100 
IlA 


VOH=30V 


II 
Input current at maximum input voltage 
Vee= 
MAX, 
VI = 5.5 V 
1 
1 
mA 


IIH 
High-level input current 
Vee 
= MAX, 
VI = 2.4 V . 
40 
40 
IlA 


IlL 
Low-level input current 
Vee 
= MAX, 
VI = 0.4 V 
-1 
-1.6 
-1 
-1.6 
mA 


leeH 
Supply current, outputs high 
Vee= 
MAX, 
VI=5V 
7 
11 
7 
11 
mA 


leeL 
Supply current, outputs low 
Vee 
= MAX, 
VI =0 
52 
65 
52 
65 
mA 


; For conditions shown as MIN or MAX, use the appropriate 
value specified under recommended 
operating conditions. 


§ All typical values are at Vee 
= 5 V, TA = 25°e. 


switching 
Characteristics, 
Vcc = 5 V, TA = 25°C 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tpLH 
Propagation delay time, low-to-high-Ievel 
output 
18 
25 


tpHL 
Propagation delay time, high-to-Iow-Ievel 
output 
IO~200 
mA, 
eL = 15 pF, 
18 
25 


RL = 50 n, 
See Figure 1 
ns 


lTLH 
Transition time, low-to-high-Ievel 
output 
5 
8 


lTHL 
Transition, time, high-to-Iow-Ievel 
output 
7 
12 


VOH 
High-level output voltage after switching 
I SN55451B 
VS=20V, 
IO~300 
mA, 
VS-6.5 
I SN75451B 
See Figure 2 
mV 


VS-6.5 


~TEXAS 
INSTRUMENTS 


SN55451 B THRU SN55454B 
SN75451 B THRU SN75454B 
DUAL PERIPHERAL DRIVERS 
SLRS021A- 
DECEMBER 
1976 - REVISED 
MAY 1993 


:: 
El: 
_&_1> 
~~5 
1Y 


7 
2Y 
2B 
-------- 
tThis 
symbol is in accordance 
with ANSI/IEEE 
Std 91-1984 
and IEC publication 617-12. 


Pin numbers shown are for the D, JG, and P packages. 


FUNCTION TABLE 
(each driver) 


A 
B 
Y 


L 
L 
H (off state) 


L 
H 
H (off state) 


H 
L 
H (off state) 


.H 
H 
L (on state) 


positive logic: 
y = AB or A+B 


SN55452B 
SN75452B 
PARAMETER 
TEST CONDITIONS'" 
TYP§ 
TYP§ 
UNIT 
MIN 
MAX 
MIN 
MAX 


VIK 
Input clamp voltage 
VCC = MIN. 
11=-12mA 
-1.2 
-1.5 
-1.2 
-1.5 
V 


VCC=MIN. 
VIH = MIN, 
0.25 
0.5 
0.25 
0.4 


VOL 
Low-ievel output voltage 
10L= 100 mA 
V 
VCC = MIN. 
VIH = MIN, 
0.5 
0.8 
0.5 
0.7 
10L= 300 mA 


10H 
High-ievel output current 
VCC = MIN. 
VIL=0.8V, 
300 
100 
IlA 
VOH=30V 


II 
Input current at maximum input voltage 
Vcc 
= MAX. 
VI =5.5V 
1 
1 
mA 


IIH 
High-level input current 
Vcc 
= MAX, 
VI = 2.4 V 
40 
40 
IlA 


IlL 
Low-level input current 
Vcc 
= MAX, 
VI = 0.4 V 
-1.1 
-1.6 
-1.1 
-1.6 
mA 


ICCH 
Supply current. outputs high 
VCC=MAX, 
VI =0 
11 
14 
11 
14 
mA 


ICCL 
Supply current. outputs low 
VCC=MAX, 
VI =5V 
56 
71 
56 
71 
mA 


:j: For conditions shown as MIN or MAX. use the appropriate value specified under recommended 
operating conditions. 


§ All typical values are at VCC = 5 V, TA = 25°C. 


switching 
characteristics, 
VCC = 5 V, TA = 25°C 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tpLH 
Propagation 
delay time, low-to-high-Ievel 
output 
26 
35 


tpHL 
Propagation 
delay time, high-to-Iow-Ievel 
output 
10 = 200 mA. 
CL = 15 pF, 
24 
35 
ns 
'TLH 
Transition time. low-to-high-Ievel 
output 
RL = 50 n, 
See Figure 1 
5 
8 


'THL 
Transition time. high-to-Iow-Ievel 
output 
7 
12 


VOH 
High-level output voltage after switching 
ISN55452B 
Vs =20V, 
10=300 
mA, 
VS-6.5 
mV 
ISN75452B 
See Figure 2 
VS-6.5 
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INSTRUMENTS 


SN55451 B THRU SN55454B 
SN75451 B THRU SN75454B 
DUALPE~PHERALDRWERS 
SLRS021A- 
DECEMBER 
1976 - REVISED 
MAY 1993 


:: §: 
~1_[> 
__ 
Q_~5 
1Y 


7 
2Y 
2B 
------- 


tThis 
symbol is in accordance 
with ANSI/IEEE 
Std 91-1984 
and IEC publication 617-12. 


Pin numbers shown are for the D, JG, and P packages. 


FUNCTION TABLE 
(each driver) 


A 
B 
Y 


L 
L 
L (on state) 


L 
H 
H (off state) 


H 
L 
H (off state) 


H 
H 
H (off state) 


positive logic: _ 


Y = MB 
or AS 


SN55453B 
SN75453B 
PARAMETER 
TEST CONDITIONS'" 
TYP§ 
TYP§ 
UNIT 
MIN 
MAX 
MIN 
MAX 


VIK 
Input clamp voltage 
VCC=MIN, 
11=-12mA 
-1.2 
-1.5 
-1.2 
-1.5 
V 


VCC=MIN, 
VIL = 0.8 V, 
0.25 
0.5 
0.25 
0.4 


VOL 
Low-level output voltage 


10L = 100 mA 
V 
VCC=MIN, 
VIL = 0.8 V, 
0.5 
0.8 
0.5 
0.7 
IOL=300 
mA 


10H 
High-level output current 
VCC=MIN, 
VIH = MIN, 
300 
100 
!1A 
VOH=30V 


II 
Input current at maximum input voltage 
VCC=MAX, 
VI =5.5 V 
1 
1 
mA 


IIH 
High-level input current 
VCC=MAX, 
VI = 2.4 V 
40 
40 
!1A 


IlL 
Low-level input current 
VCC= 
MAX, 
VI = 0.4 V 
-1 
-1.6 
-1 
-1.6 
mA 


ICCH 
Supply current, outputs high 
VCC=MAX, 
VI=5V 
8 
11 
8 
11 
mA 


ICCL 
Supply current, outputs low 
VCC= 
MAX, 
VI = 0 
54 
68 
54 
68 
mA 


:j: For conditions shown as MIN or MAX, use the appropriate value specified under recommended 
operating conditions. 
§ All typical values are at VCC = 5 V, TA = 25°C. 


switching 
characteristics, 
VCC = 5 V, TA = 25°C 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tpLH 
Propagation delay time, low-to-high-Ievel 
output 
18 
25 


tpHL 
Propagation delay time, high-to-Iow-Ievel 
output 
10 =200mA, 
CL=15pF, 
18 
25 
ns 
'TLH 
Transition time, low-to-high-Ievel 
output 
RL = 50 Q, 
See Figure 1 
5 
8 


'THL 
Transition time, high-to-Iow-Ievel 
output 
7 
12 


VOH 
High-level output voltage after switching 
ISN55453B 
VS=20V, 
10=300 
mA, 
VS-6.5 
mV 
ISN75453B 
See Figure 2 
VS-6.5 
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SN75451 B THRU SN75454B 
DUAL PERIPHERAL DRIVERS 
SLRS021A- DECEMBER1976- REVISEDMAY1993 


tThis 
symbol is in accordance 
with ANSI/IEEE 
Std 91-1984 
and IEC publication 617-12. 
Pin numbers shown are for the D, JG, and P packages. 


FUNCTION TABLE 
(each driver) 


A 
B 
Y 


L 
L 
H (off state) 


L 
H 
L (on state) 


H 
L 
L (on state) 


H 
H 
L (on state) 


2kfl 
1.6 
kn 


positive logic: 


y = A+B or AB 


SN55454B 
SN75454B 
PARAMETER 
TEST CONDITIONS:!: 
TYP§ 
TYP§ 
UNIT 
MIN 
MAX 
MIN 
MAX 


VIK 
Input clamp voltage 
VCC=MIN, 
11=-12mA 
-1.2 
-1.5 
-1.2 
-1.5 
V 


VCC=MIN, 
VIH = MIN, 
0.25 
0.5 
0.25 
0.4 


VOL 
Low-level output voltage 
10L = 100 mA 
V 
VCC=MIN, 
VIH = MIN, 
0.5 
0.8 
0.5 
0.7 
IOL=300 
mA 


10H 
High-level output current 
VCC = MIN, 
VIL = 0.8 V, 
300 
100 
JlA 
VOH =30V 


II 
Input current at maximum input voltage 
VCC=MAX, 
VI = 5.5 V 
1 
1 
mA 


IIH 
High-level input current 
VCC = MAX, 
VI = 2.4 V 
40 
40 
JlA 


IlL 
Low-level input current 
VCC = MAX, 
VI = 0.4 V 
-1 
-1.6 
-1 
-1.6 
mA 


ICCH 
Supply current, outputs high 
VCC = MAX, 
VI=O 
13 
17 
13 
17 
mA 


ICCL 
Supply current, outputs low 
VCC = MAX, 
VI =5V 
61 
79 
61 
79 
mA 


oj: For conditions shown as MIN or MAX, use the appropriate value specified under recommended 
operating conditions. 


§ All typical values are at VCC = 5 V, TA = 25°C. 


switching 
characteristics, 
Vcc = 5 V, TA = 25°C 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tpLH 
Propagation delay time, low-to-high-Ievel 
output 
27 
35 


tpHL 
Propagation delay time, high-to-Iow-Ievel 
output 
10=200 
mA, 
CL = 15 pF, 
24 
35 
ns 
tTLH 
Transition time, low-to-high-Ievel 
output 
RL = 50 n, 
See Figure 1 
5 
8 


ITHL 
Transition time, high-to-Iow-Ievel 
output 
7 
12 


VOH 
High-level output voltage after switching 
I SN55454B 
Vs =20V, 
10 = 300 mA, 
VS-6.5 
mV 
I SN75454B 
See Figure 2 
VS-6.5 
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Input 
'451B 
'453B 


Pulse 
Generator 
(see Note A) 
Circuit 
Under 
Test 


,; 5 ns--.\ 


I 
I 
I 


GND I SUB 


I...L 


OV 


VOH 


I 
I 


-+---VQL 
i4--- tTH L 
---.I 
i4--- tTLH 


VOLTAGE WAVEFORMS 


NOTES: 
A. 
The pulse generator has the following characteristics: 
PRR ,; 1 MHz, Zo = 50 Q. 
B. 
CL includes probe and jig capacitance. 


Pulse 
Generator 
(see Note A) 


Input 
'451B 
'453B 


CL = 15 pF 
10% 
0 V 
I 
('MNo,"',o~,,~~vv: 


NOTES: 
A. 
The pulse generator has the following characteristics: 
PRR ,; 12.5 kHz, Zo = 50 Q. 


B. 
CL includes probe and jig capacitance. 
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SN754518 THRU SN754548 
DUAL PERIPHERAL DRIVERS 
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TYPICAL 
CHARACTERISTICS 


TRANSISTOR 
COLLECTOR-EMITTER 
SATURATION VOLTAGE 
vs 
COLLECTOR CURRENT 
> 
0.6 
IC 
I 
Gl 
-= 
10 
'" 
IB 
.l! 
See Note A 
;g 
0.5 
c 
~ 
f! 
0.4 
::s 
OiIII 
~ 
.t= 
0.3 
E 
I1J.:. 
~ 
0.2 
~ 
'0 
<.J 
I 
0.1 
i' 
••w 
~ 
0 
10 
20 
40 
70 
100 
200 
400 


IC - Collector 
Current - mA 
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DUAL PERIPHERAL DRIVERS 
SLRS022A 
- DECEMBER 
1976 - REVISED 
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1995 


PERIPHERAL 
DRIVERS 
FOR 
HIGH-VOLTAGE, 
HIGH-CURRENT 
DRIVER 
APPLICATIONS 


SN55461, SN55462, SN55463 
JG PACKAGE 
SN75461, 
SN75462, SN75463 
D OR P PACKAGE 
(TOP VIEW) 


• 
Characterized 
for Use to 300 mA 


• 
High-Voltage Outputs 
• 
No Output Latch-Up at 30 V (After 
Conducting 
300 mA) 


• 
Medium-Speed 
Switching 
• 
Circuit Flexibility 
for Varied Applications 
and Choice of Logic Function 


• 
TTL-Compatible 
Diode-Clamped 
Inputs 


• 
Standard Supply Voltages 
• 
Plastic DIP (P) With Copper Lead Frame for 
Cooler Operation and Improved Reliability 


• 
Package Options Include Plastic Small 
Outline Packages, Ceramic Chip Carriers, 
and Standard Plastic and Ceramic 300-mil 
DIPs 


1AD8 
Vcc 
18 
2 
7 
28 
1Y 
3 
6 
2A 
GND 
4 
5 
2Y 


SN55461, SN55462, SN55463 .•. 
FK PACKAGE 
(TOP VIEW) 


U 
~~~~~ 


3 
2 
1 
2019 


4 
18 


5 
17 


6 
16 


7 
15 


8 
14 
9 
1011 
1213 


uou>-u 
ZZZC\lZ 
CJ 


DEVICE 
LOGIC 
PACKAGES 


SN55461 
AND 
FK,JG 


SN55462 
NAND 
FK,JG 


SN55463 
OR 
FK,JG 


SN75461 
AND 
D,P 


SN75462 
NAND 
D,P 


SN75463 
OR 
D,P 


description 


These dual peripheral drivers are functionally interchangeable with SN55451 B through SN55453B and 
SN75451B through SN75453B peripheral drivers, but are designed for use in systems that require higher 
breakdown voltages than those devices can provide at the expense of slightly slower switching speeds. Typical 
applications include logic buffers, power drivers, relay drivers, lamp drivers, MOS drivers, line drivers, and 
memory drivers. 


The SN55461/SN75461, 
SN554621SN75462, and SN55463/SN75463 
are dual peripheral AND, NAND, and 
OR drivers respectively (assuming positive logic), with the output of the gates internally connected to the bases 
of the npn output transistors. 


Series SN55461 drivers are characterized for operation over the full military temperature range of -55°e 
to 125°e. Series SN75461 drivers are characterized for operation from Doe to 7Doe. 


~TEXAS 
INSTRUMENTS 
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1976 - REVISED 
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SN55' 
SN75' 
UNIT 


Supply voltage, VCC (see Note 1) 
7 
7 
V 


Input voltage, VI 
5.5 
5.5 
V 


Intermitter voltage (see Note 2) 
5.5 
5.5 
V 


Off-state output voltage, Vo 
35 
35 
V 


Continuous collector or output current (see Note 3) 
400 
400 
mA 


Peak collector or output current (tw ~ 10 ms, duty cycle ~ 50%, see Note 4) 
500 
500 
mA 


Continuous total power dissipation 
See Dissipation Rating Table 


Operating free-air temperature 
range, TA 
-55 
to 125 
Ot070 
°c 


Storage temperature 
range, Tstg 
-65 
to 150 
-65 
to 150 
°c 


Case temperature 
for 60 seconds, TC 
FK package 
260 
°c 


Lead temperature 
1,6 mm (1/16 inch) from case for 60 seconds 
JG package 
300 
°c 


Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
D or P package 
260 
°c 
t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for ex1ended periods may affect device reliability. 
NOTES: 
1. 
Voltage values are with respect to network GND unless otherwise specified. 


2. 
This is the voltage between two emitters A and B. 
3. 
This value applies when the base-emitter 
resistance (RBE) is equal to or less than 500 n. 


4. 
Both halves of these dual circuits may conduct rated current simuitaneously; 
however, power dissipation averaged over a short time 
interval must fall within the continuous 
dissipation rating. 


TA'; 25°C 
POWER RATING 


725mW 


1375 mW 


1050mW 


1000mW 


DISSIPATION RATING TABLE 


DERATING FACTOR 
ABOVE TA = 25°C 


5.8mWfOC 


11.0mW/oC 


8.4 mW/oC 


8.0mW/oC 


464mW 


880mW 


672mW 


640mW 


275mW 


210mW 


SN55' 
SN75' 
UNIT 
MIN 
NOM 
MAX 
MIN 
NOM 
MAX 


Supply voltage, VCC 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


High-level input voltage, VIH 
2 
2 
V 


Low-level input voltage, VIL 
0.8 
0.8 
V 


Operating free-air temperature, 
TA 
-55 
125 
0 
70 
°c 
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logic symbolt~;E 
&" Q~:: 


tThis 
symbol is in accordance 
with ANSI/IEEE 
Std 91-1984 
and IEC Publication 617-12. 


Pin numbers shown are for D, JG, and P packages. 


logic diagram (positive logic) 


3 


FUNCTION TABLE 
(each driver) 


A 
B 
Y 


L 
L 
L (on state) 


L 
H 
L (on state) 


H 
L 
L (on state) 


H 
H 
H (off state) 


SN55461 
SN75461 
PARAMETER 
TEST CONDITJONSt 
TYP* 
TYP* 
UNIT 
MIN 
MAX 
MIN 
MAX 


VIK 
Input clamp voltage 
VCC=MIN, 
11=-12mA 
-1.2 
-1.5 
-1.2 
-1.5 
V 


10H 
High-level output current 
VCC=MIN, 
VIH = MIN, 
300 
100 
~ 
VOH = 35 V 


VCC=MIN, 
VIL = 0.8 V, 
0.25 
0.5 
0.25 
0.4 


VOL 
Low-level output voltage 
10L = 100 mA 
V 
VCC=MIN, 
VIL = 0.8 V, 
0.5 
0.8 
0.5 
0.7 
10L = 300 mA 


II 
Input current at maximum input voltage 
VCC=MAX, 
VI =5.5 V 
1 
1 
mA 


IIH 
High-level input current 
VCC=MAX, 
VI = 2.4 V 
40 
40 
~ 


IlL 
Low-level input current 
VCC=MAX, 
VI = 0.4 V 
-1 
-1.6 
-1 
-1.6 
mA 


ICCH 
Supply current, outputs high 
VCC = MAX, 
VI=5V 
8 
11 
8 
11 
mA 


ICCL 
Supply current, outputs low 
VCC = MAX, 
VI = 0 
56 
76 
56 
76 
mA 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended 
operating conditions. 
* All typical values are at VCC = 5 V, TA = 25°C. 
switching 
characteristics, 
VCC= 5 V, TA = 25°C 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tpLH 
Propagation 
delay time, low-to-high-Ievel 
output 
3D 
55 


tpHL 
Propagation 
delay time, high-to-Iow-Ievel 
output 
10=200 
mA, 
CL = 15 pF, 
25 
40 
ns 
lTLH 
Transition time, low-to-high-Ievel 
output 
RL = 50 Q, 
See Figure 1 
8 
20 


lTHL 
Transition time, high-to-Iow-Ievel 
output 
10 
20 


VOH 
High-Ievei output voltage after switching 
I SN55461 
VS=30V, 
10=300 
mA, 
VS-10 
mV 
I SN75461 
See Figure 2 
VS-10 
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logic symbolt 
~~E~~~~~&~~C>~~~~Q~~ 
:: 


t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 
Pin numbers shown are for D. JG, and P packages. 


FUNCTION TABLE 
(each driver) 


A 
B 
Y 


L 
L 
H (off state) 


L 
H 
H (off state) 


H 
L 
H (off state) 


H 
H 
L (on state) 


1.6 Iill 
1.6 Iill 


SN55462 
SN75462 
PARAMETER 
TEST CONDITIONSt 
TYP* 
TYP* 
UNIT 
MIN 
MAX 
MIN 
MAX 


VIK 
Input clamp voltage 
VCC=MIN. 
11=-12mA 
-1.2 
-1.5 
-1.2 
-1.5 
V 


10H 
High-level output current 
VCC=MIN. 
VIL=0.8 
V. 
300 
100 
~ 
VOH=35 
V 


VCC = MIN. 
VIH=MIN, 
0.25 
0.5 
0.25 
0.4 


VOL 
Low-level output voltage 
10L= 100 mA 
V 
VCC = MIN. 
VIH = MIN, 
0.5 
0.8 
0.5 
0.7 
10L= 300 mA 


II 
Input current at maximum input voltage 
Vcc 
= MAX, 
VI =5.5 
V 
1 
1 
mA 


IIH 
High-level input current 
Vcc 
= MAX, 
VI = 2.4 V 
40 
40 
~ 


IlL 
Low-level input current 
Vcc 
= MAX, 
VI = 0.4 V 
-1.1 
-1.6 
-1.1 
-1.6 
mA 


ICCH 
Supply current, outputs high 
VCC = MAX. 
VI=O 
13 
17 
13 
17 
mA 


ICCL 
Supply current, outputs low 
VCC = MAX. 
VI =5V 
61 
76 
61 
76 
mA 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended 
operating conditions. 
:tAli typical values are at VCC = 5 V, TA = 25°C. 
switching 
Characteristics, 
VCC = 5 V, TA = 25°C 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tpLH 
Propagation delay time. low-to-high-Ievel 
output 
45 
65 


tpHL 
Propagation delay time. high-to-Iow-Ievel 
output 
10=200 
mA, 
CL = 15 pF, 
30 
50 
ns 


lTLH 
Transition time. low-to-high-Ievel 
output 
RL = 50 n. 
See Figure 1 
13 
25 


lTHL 
Transition time, high-to-Iow-Ievel 
output 
10 
20 


VOH 
High-level output voltage after switching 
I SN55462 
Vs = 30 V, 
10=300 
mA, 
VS-10 
mV 
ISN75462 
See Figure 2 
VS-10 
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DUAL PERIPHERAL DRIVERS 
SLRS022A- 
DECEMBER 
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1995 


logic symbolt 
~~E~~~~~"~1~1>~~~~~~~ 
:: 


logic diagram (positive logic) 


3 


tThis 
symbol is in accordance 
with ANSI/IEEE 
Std 91-1984 


and lEe Publication 617-12. 


Pin numbers shown are for D, JG, and P packages. 


1 
1Y 
1A 
2 
1B 
5 
2V 
2A 


2B 
4 
GND 


FUNCTION TABLE 
(each driver) 


A 
B 
V 


L 
L 
L (on state) 


L 
H 
H (off state) 


H 
L 
H (off state) 


H 
H 
H (off state) 


SN55463 
SN75463 
PARAMETER 
TEST CONDITIONSt 
TVP:j: 
TVP:j: 
UNIT 
MIN 
MAX 
MIN 
MAX 


VIK 
Input clamp voitage 
VCC = MIN, 
11=-12mA 
-1.2 
-1.5 
-1.2 
-1.5 
V 


10H 
High-level output current 
VCC = MIN, 
VIH = MIN, 
300 
100 
IlA 
VOH = 35 V 


VCC = MIN, 
VIL = 0.8N, 
0.25 
0.5 
0.25 
0.4 


VOL 
Low-level output voltage 
10L= 100 mA 
V 
VCC = MIN, 
VIL = 0.8 V, 
0.5 
0.8 
0.5 
0.7 
10L= 300 mA 


II 
Input current at maximum input voltage 
VCC = MAX, 
VI = 5.5 V 
. 
1 
1 
mA 


IIH 
High-level input current 
Vcc 
= MAX, 
VI = 2.4 V 
40 
40 
IlA 


IlL 
Low-level input current 
Vcc 
= MAX, 
VI = 0.4 V 
-1 
-1.6 
-1 
-1.6 
mA 


ICCH 
Supply current, outputs high 
VCC = MAX, 
VI =5V 
8 
11 
. 
8 
11 
mA 


ICCL 
Supply current, outputs low 
VCC = MAX, 
VI=O 
58 
76 
58 
76 
mA 


t For conditions shown as MIN or MAX, use the appropriate 
value specified under recommended 
operating conditions. 
:j:All typical values are at VCC = 5 V, TA = 25°C. 


switching Characteristics, VCC = 5 V, TA= 25°C 


PARAMETER 
TEST CONDITIONS 
MIN 
TVP 
MAX 
UNIT 


tpLH 
Propagation 
delay time, low-to-high-Ievel 
output 
30 
55 


tpHL 
Propagation 
delay time, high-to-Iow-Ievel 
output 
10 =200 
mA, 
CL = 15 pF, 
25 
40 
ns 
lTLH 
Transition time, low-to-high-Ievel 
output 
RL= 50n, 
See Figure 1 
8 
25 


lTHL 
Transition time, high-to-Iow-Ievel 
output 
10 
25 


VOH 
. High-level output voltage after switching 
I SN55463 
VS=30V, 
10 = 300 mA, 
VS-10 
mV 
I SN75463 
See Figure 2 
VS-10 


~TEXAS 
INSTRUMENTS 


SN55461 THRU SN55463 
SN75461 THRU SN75463 
DUAL PERIPHERAL DRIVERS 
SLRS022A 
- DECEMBER 
1976 - REVISED 
OCTOBER 
1995 


Input 


'461 
'463 


S;5ns~ 


I 
I 


Pulse 
Output 


Generator 
Circuit 
(see Note A) 
Under 
CL=15pF 
Test I 
(-No'•• , 
(see Note B) 


GND I SUB 


I 
Output 
1- 


0.4V 
-=- 
-=- 
-=- 
-=- 


OV 


VOH 


TEST CIRCUIT 


NOTES: 
A. 
The pulse generator has the following characteristics: 
PRR s; 1 MHz, Zo = 50 Q. 


B. 
CL includes probe and jig capacitance. 


s;5ns~ 
I 
I 
I 


~s;10ns 
I 
I 
90"10 


I 


Pulse 
Generator 
(see Note A) 


10"10 


7r~~~:" 
~~ 
::: 


NOTES: 
A. 
The pulse generator has the following characteristics: 
PRR s; 12.5 kHz, 20 = 50 n. 


B. 
CL includes probe and jig capacitance. 
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• 
Dual Circuits 
Capable 
of Driving 
High-Capacitance 
Loads at High Speeds 


• 
Output 
Supply 
Voltage 
Range 
up to 24 V 


• 
Low Standby 
Power 
Dissipation 


description 


The SN75372 is a dual NAND gate interface 
circuit designed to drive power MOSFETs from 
TTL inputs. It provides high current and voltage 
levels necessary to drive large capacitive loads at 
high speeds. The device operates from a VCC1of 
5 V and a VCC2 of up to 24 V. 


The SN75372 is characterized for operation from 
ooe to 70oe. 


SN75372 
DUAL MOSFET DRIVER 


o OR P PACKAGE 
(TOP VIEW) 


1A(J8 
VCC1 
E 
2 
7 
1Y 
2A 
3 
6 
2Y 


GND 
4 
5 
VCC2 


logic symbolt 


tThis 
symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 


PRODUCTION 
DATA 
information 
Is 
CUMnt 
8S 
of 
publlc81lon 
date, 
Products 
conform 
to specifications 
per the terms 
of Texas 
Instruments 
standard 
warranty. 
ProductIon 
processing 
does 
not necessarily 
Include 
testing 
of all parameters. 
"!!1 
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DUAL MOSFET DRIVER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply 
voltage 
range, VCC1 (see Note 1) 
-0.5 
V to 7 V 
Supply 
voltage 
range, VCC2 
-0.5 
V to 25 V 
Input voltage, 
VI 
5.5 V 
Peak output 
current, 
Vo (tw < 10 ms, duty cycle < 50%) 
500 mA 
Continuous 
total power 
dissipation 
See Dissipation 
Rating Table 
Operating 
free-air 
temperature 
range, TA 
O°C to 70°C 
Storage 
temperature 
range, Tstg 
-65°C 
to 150°C 
Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
260°C 
t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 


functional operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
NOTE 1: 
Voltage values are with respect to network GND. 


DISSIPATION 
RATING TABLE 


TA = 25°C 
DERATING FACTOR 
POWER RATING 
ABOVE TA = 25°C 


725 mW 
5.8 mW/oC 


1000 mW 
8.0 mW/oC 


464mW 


640mW 


MIN 
NOM 
MAX 
UNIT 


Supply voltage, VCC1 
4.75 
5 
5.25 
V 


Supply voltage, VCC2 
4.75 
20 
24 
V 


High-level input voltage, VIH 
2 
V 


Low-level input voltage, VIL 
0.8 
V 


High-level output current, IOH 
-10 
mA 


Low-level output current, IOL 
40 
mA 


Operating free-air temperature, 
TA 
0 
70 
°C 
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DUAL MOSFET DRIVER 


electrical characteristics over recommended ranges of VCC1' VCC2, and operating free-air 
temperature (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYpt 
MAX 
UNIT 


VIK 
Input clamp voltage 
11=-12mA 
-1.5 
V 


VOH 
High-level output voltage 
VIL=0.8 
V, 
IOH =-50 
IlA 
VCC2-1.3 
VCC2-0.8 
V 


VIL=0.8 
V, 
IOH=-10mA 
VCC2-2.5 
VCC2-1.8 


VIH =2V, 
IOL= 
10mA 
0.15 
0.3 


VOL 
Low-level output voltage 
VCC2 = 15 V to 24 V, 
VIH =2V, 
V 


IOL= 
40mA 
0.25 
0.5 


VF 
Output clamp-diode forward voltage 
VI=O, 
IF=20mA 
1.5 
V 


II 
Input current at maximum input 
VI = 5.5 V 
1 
mA 
voltage 


I Any A 
40 
IIH 
High-level input current 
Any E 
VI =2.4 V 
80 
llA 


~ 
-1 
-1.6 
IlL 
Low-level input current 
VI = 0.4 V 
mA 
Any E 
-2 
-3.2 


ICC1(H} 
Supply current from VCC1, both 
2 
4 
mA 
outputs high 
VCC1 = 5.25 V, 
VCC2=24 
V, 


Supply current from VCC2, both 
All inputs at 0 V, 
No load 
ICC2(H} 
outputs high 
0.5 
mA 


ICC1(L} 
Supply current from VCC1, both 
16 
24 
mA 
outputs low 
VCC1 = 5.25 V, 
VCC2=24 
V, 


Supply current from VCC2, both 
All inputs at 5 V, 
No load 
ICC2(L} 
outputs low 
7 
13 
mA 


ICC2(S} 
Supply current from VCC2, standby 
VCC1 =0, 
VCC2=24 
V, 
0.5 
mA 
condition 
All inputs at 5 V, 
No load 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tOLH 
Oelay time, low-to-high-Ievel 
output 
20 
35 
ns 


tOHL 
Oelay time, high-to-Iow-Ievel 
output 
10 
20 
ns 


trLH 
Transition time, low-to-high-Ievel 
output 
20 
30 
ns 


trHL 
Transition time, high-to-Iow-Ievel 
output 
CL = 390 pF, 
RO=10Q, 
See Figure 1 
20 
30 
ns 


tpLH 
Propagation 
delay time, low-to-high-Ievel 
output 
10 
40 
65 
ns 


tPHL 
Propagation 
delay time, high-to-Iow-Ievel 
output 
10 
30 
50 
ns 
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"10ns~ 
~ 
,,10ns 


5V 
20V 
I 
I 
-+---- 
3V 


rJ--J-, 


Input 
I 
90% 
90% 
I 
1.5 V 
1.5 V 
10% 
*-- 
~ 
OV 
Input I VCC1 
VCC2 I 
0.511S 


I 
I 
I 
HtPHL 


I 


Pulse 
I 
I 
tpHL 
~ 


Generator 
I 
I 
tOHL 
~I 
: 
~trLH 
(see Note A) 
Output 
j4*- tTHL 
I 
I 
I 
T CL=390pF 


VCC2-3~~ 


I 
~VOH 
I 
GNO 
I 
(see Note B) 
tOLH 
L._-I-_.J 
-=- 


~2V~~:~3LV 
2.4 V 
-=- 


Output 
2V 


TEST CIRCUIT 
VOLTAGE WAVEFORMS 


NOTES: 
A. 
The pulse generator has the following characteristics: 
PRR = 1 MHz, Zo = 50 Q. 


B. 
CL includes probe and jig capacitance. 
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VCC1 =5V 
VCC2 = 20 V 
No Load 
\ 


TA = 25°C 


24 


20 


>I 
ell 
16 
tll 
:! 
~ 
'5 
12 
Q. 
'50 


1 
8 
-? 


4 


PROPAGATION DELAY TIME, 


LOW·TO·HIGH·LEVEL 
OUTPUT 
vs 
FREE-AIR TEMPERATURE 


T 
I 
f-- 


CL = 4000 pF 


VCC1 =5V 
VCC2 = 20 V 
RO= 10Q 
See Figure 1 
CL = 2000 pF 


CL = 1000 pF 


CL = 200 pF "- 
I 
I 


CL = 390 pF 


<II 
1 


CL=50pF 


200 


180 


of 
"' 
160 
E c 
i= 
I 
>-- 
140 
•• 
::I 
- 
Q. 


ell 
- 
C 
::I 
120 
cO 
~~ 
100 
•• 
ell 
tll..J 
.• ' 
Q..c 
80 
2:f' 
~ ~ 
60 
:I: ~ 
..J 0 
~..J 
40 


20 


10 
20 
30 
40 
50 
60 
70 
80 
TA - Free-Air Temperature 
- °C 


3= 
E 


1 
5 
800 
~ 
Q. 
.;;; 
"'i5 
600 
~ 
~ 
400 
1 
C 
l1. 


of 
"' 
E c 
i= 
1 
>-'5 
•• 
Q. 


'ii'S 
Co 
c _ 


o 
ell 
~~ 
g>~ 
e.3 


l1. 
b 
10;' 
..J.c 
:1:.2' 
l1.:I: 


POWER DISSIPATION (BOTH DRIVERS) 
vs 
FREQUENCY 


VCC1=5V 
VCC2 = 20 V 
Input: 3-V Square Wave 
50% Outy Cycle 
TA = 25°C 


40 
100 
200 
400 


f - Frequency 
- kHz 


PROPAGATION DELAY TIME, 


HIGH-TO-LOW-LEVEL 
OUTPUT 
vs 
FREE-AIR TEMPERATURE 


VCC1 =5V 
VCC2=20V 
RO= 10Q 
See Figure 1 
CL = 4000 pF I--- 


CL = 2000 pF f-- 


CL = 1000 pF 


CL = 200 pF. 
I 
I 
CL - 390 pF 
f-- 


'li 
I 


CL = 50 pF 


10 
20 
30 
40 
50 
60 
70 
80 


TA - Free-Air Temperature 
- °C 
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PROPAGATION DELAY TIME, 
LOW-TO-HIGH-LEVEL 
OUTPUT 
vs 
VCC2 SUPPLY VOLTAGE 


.r 
III 
E 
c:: 
i= 
I 
>- :; 
•• 
Q. 


~ ~ 
c:: 
_ 
o 
•• 
~ ~ 
01,!~ 
e 
..J 
ll.. 
b 


I 
<;' 
3:§. 
ll..:I: 


.r 
III 
E 
c:: 


i= 
I 
i;-:; 
Q) 
.e- 


0<3 
c:: 
_ 
~ ~ 
C1..J 
!;i: 
o 
0 
~ 
..J 
ll.. 
b 
, - 
:l:l: 
..J 
01 
2-3: 


PROPAGATION DELAY TIME, 
HIGH-TO-LOW-LEVEL 
OUTPUT 
vs 
VCC2 SUPPLY VOLTAGE 


VCC1=5V 
RO= 100 
TA = 25°C 
See Figure 1 


VCC1=5V 
RO= 100 
TA = 25°C 
See Figure 1 


CL = 50 pF 


5 
10 
15 
20 
VCC2- Supply Voltage - V 


CL=50 pF 


5 
10 
15 
20 
25 
VCC2- Supply Voltage - V 


PROPAGATION DELAY TIME, 


HIGH-TO-LOW-LEVEL 
OUTPUT 
vs 
LOAD CAPACITANCE 


PROPAGATION DELAY TIME, 


LOW-TO-HIGH-LEVEL 
OUTPUT 
vs 
LOAD CAPACITANCE 


1000 
2000 
3000 
CL - Load Capacitance - pF 
1000 
2000 
3000 
CL - Load Capacitance - pF 
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power dissipation 
precautions 


Significant 
power 
may be dissipated 
in the SN75372 
driver when charging 
and discharging 
high-capacitance 
loads over a wide voltage 
range at high frequencies. 
Figure 5 shows the power dissipated 
in a typical 
SN75372 
as a function 
of load capacitance 
and frequency. 
Average 
power 
dissipated 
by this driver 
is derived 
from the 
equation 


PT(AV) = POC(AV) + PC(AV) = PS(AV) 


where POC(AV) is the steady-state 
power dissipation 
with the output high or low, PC(AV) is the power level during 
charging 
or discharging 
of the load capacitance, 
and PS(AV) is the power dissipation 
during switching 
between 
the low and high levels. 
None of these include 
energy transferred 
to the load, and all are averaged 
over a full 
cycle. 


The power components 
per driver channel 
are 


PDC(AV) _PHtH; 
PLtL 


PC(AV) = C V~f 


P 
PLHtLH + PHLtHL 
S(AV) = 
T 


tHL~ 
~tLH 
N 
Vi-:---"'~ 
__ I 
I I 
I 14--tH----.J 


: 
14- tL ~ 
I 


14 
T = lit 
~ 


Figure 12. Output 
Voltage 
Waveform 


PL, PH, PLH, and PHL are the respective 
instantaneous 
levels of power dissipation, 
C is the load capacitance. 
Vc is the voltage 
across 
the load capacitance 
during the charge 
cycle shown 
by the equation 


Vc = VOH -VOL 


PS(AV) may be ignored 
for power calculations 
at low frequencies. 


In the following 
power calculation, 
both channels 
are operating 
under identical 
conditions: 


VOH =19.2 
V and 
VOL = 0.15 
V with 
VCCl 
= 5 V, VCC2 = 20 V, Vc 
= 19.05 
V, C = 1000 
pF, and 
the 
duty cycle = 60%. At 0.5 MHz, PS(AV) is negligIble 
and can be ignored. 
When the output voltage 
is high, ICC2 
is negligible 
and can be ignored. 


On a per-channel 
basis using data sheet values, 


POC(AV) 
= [(5 
V) (2 ~A) 
+ (20 V) (0 ~A)] 
(0.6) + [(5 
V) (162mA) 
+ (20 V) (7 ~A)] 
(0.4) 


POC(AV) = 47 mW per channel 


Power 
during the charging 
time of the load capacitance 
is 


PC(AV) = (1000 pF) (19.05 V)2 (0.5 MHz) = 182 mW per channel 


Total power for each driver is 


PT(AV) = 47 mW + 182 mW = 229 mW 


and total package 
power 
is 


PT(AV) = (229) (2) = 458 mW. 
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driving power MOSFETs 


The drive requirements of power MOSFETs are much lower than comparable bipolar power transistors. The 
input impedance of a FET consists of a reverse biased PNjunction that can be described as a large capacitance 
in parallel with a very high resistance. For this reason, the commonly used open-collector driver with a pullup 
resistor is not satisfactory ior high-speed applications. In Figure 12(a), an IRF151 power MOSFET switching 
an inductive load is driven by an open-collector transistor driver with a 470-0 pullup resistor. The input 
capacitance (Ciss)specification for an IRF151 is 4000 pF maximum. The resulting long turn-on time due to the 
combination of Ciss and the pullup resistor is shown in Figure 12(b). 


48 V 


r--------, g 
> 
I 
I 
Ql 
4 


4700 I 
Cl~g 
4 
8 
I IRFfq 
~ 
7 
I 
Cl 
I 
3 
I 
... 


-=- 
0 
5 
I 
> 
__ 
.J 
I 
z:0 


-=- 
> 


(a) 


Figure 13. Power MOSFET Drive Using SN75447 
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A faster, more efficient drive circuit uses an active pullup as well as an active pulldown output configuration, 
referred to as a totem-pole output. The SN75372 driver provides the high speed, totem-pole drive desired in 
an application of this type, see Figure 13(a). The resulting faster switching speeds are shown in Figure 13(b). 


48V 
Y 


> 
~ 
4 
'"~ 
3 
~ 
~ 
2 
Cl 
I5 1 
> 


~ 
00 
o 
0.5 
> 
, 


TLC555P 
3 


5 
IRF~ 
1/2 SN75372 
1511 


1 
1.5 
2 
2.5 
3 
t- Time - ~s 


(b) 


Power MOSFET drivers must be capable of supplying high peak currents to achieve fast sWitching speeds as 
shown by the equation 


where C is the capacitive load, and tr is the desired drive time. V is the voltage that the capacitance is charged 
to. In the circuit shown in Figure 13(a), V is found by the equation 


V = VOH - VOL 


Peak current required to maintain a rise time of 100 ns in the circuit of Figure 13(a) is 


I 
= (3 - 0)4(10-9) 
= 120 mA 
PK 
100(10-9) 


Circuit capacitance can be ignored because it is very small compared to the input capacitance of the IRF151. 
With a Vcc 
of 5 V, and assuming worst-cast conditions, the gate drive voltage is 3 V. 


For applications in which the full voltage of VCC2 must be supplied to the MOSFET gate, the SN75374 quad 
MOSFET driver should be used. 
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• 
Quadruple Circuits 
Capable of Driving 
High-Capacitance 
Loads at High Speeds 


• 
Output Supply Voltage Range From 5 V 
to 24 V 


• 
Low Stan.dby Power Dissipation 


• 
VCC3 Supply Maximizes Output Source 
Voltage 


description 


The SN75374 is a quadruple NAND interface 
circuit designed to drive power MOSFETs from 
TTL inputs. It provides the high current and 
voltage necessary to drive large capacitive loads 
at high speeds. 


The outputs can be switched very close to the 


VCC2 
supply rail when VCC3 
is about 3 V higher 
than V CC2. 
V CC3 can also be tied directly to V CC2 
when the source voltage requirements are lower. 


The SN75374 is characterized for operation from 
O°C to 70°C. 


SN75374 
QUADRUPLE 
MOSFET DRIVER 


D OR N PACKAGE 


(TOP VIEW) 


VCC2 
1 U 16 
VCC1 


1Y 
2 
15 
4Y 


1A 
3 
14 
4A 


1E1 
4 
13 
2E2 


1E2 
5 
12 
2E1 


2A 
6 
11 
3A 


2Y 
7 
10 
3Y 


GND 
8 
9 
VCC3 


logic diagram (positive logic) 


1Y 
4 
1E1 


2Y 
1E25 


12 
2E1 
3Y 


2E2 
13 
2 
1Y 
4Y 
3 
1A 


7 
2Y 
2A 
6 


10 
3Y 
11 
3A 


15 
14 
4Y 
4A 


Input A 


Enable 
E1 
Enable 
E2 


4 
& 


5 
EN1 


12 
& 


13 
EN2 


I 
r 
3 
TTl/MOS 
2 
1 


6 
7 


11 
TTl/MOS 
10 
2 


14 
15 


(7-48) 


t This symbol is in accordance with ANSI/IEEE 
Std 91-1984 
and IEC Publication 617-12 


ToOther 
{ 
Drivers 
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standard 
warranty. 
Production 
proce88lng 
does 
not oecessarily 
Include 


testing 
of all parameters. 
~TEXAS 
INSTRUMENTS 


SN75374 
QUADRUPLE MOSFET DRIVER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage range of VCC1 (see Note 1) 
-0.5 V to 7 V 
Supply voltage range of VCC2 
-0.5 V to 25 V 
Supply voltage range of VCC3 
-0.5 V to 30 V 
Input voltage, VI 
5.5 V 
Peak output current, I, (tw < 10 ms, duty cycle < 50%) 
500 mA 
Continuous total power dissipation 
See Dissipation Rating Table 
Operating free-air temperature range, TA 
O°Cto 70°C 
Storage temperature range, Tstg 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


DISSIPATION 
RATING TABLE 


PACKAGE 
TA $ 25°C 
DERATING 
FACTOR 
TA=70°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 


D 
950mW 
7.6 mW/oC 
608mW 


N 
1150mW 
9.2 mW/oC 
736mW 


MIN 
NOM 
MAX 
UNIT 


Supply voltage, VCC1 
4.75 
5 
5.25 
V 


Supply voltage, VCC2 
4.75 
20 
24 
V 


Supply voltage, VCC3 
VCC2 
24 
28 
V 


Voltage difference between supply voltages: VCC3 - VCC2 
0 
4 
10 
V 


High-level input voltage, VIH 
2 
V 


Low-level input voltage, VIL 
0.8 
V 


High-level output current, IOH 
-10 
mA 


High-level output current, IOL 
40 
mA 


Operating free-air temperature, 
TA 
0 
70 
°C 
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electrical 
characteristics 
over recommended 
ranges of VCC1, VCC2. VCC3. and operating 
free-air 
temperature 
(unless 
otherwise 
noted) 
. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYpt 
MAX 
UNIT 


VIK 
Input clamp voltage 
11=-12 
mA 
-1.5 
V 


VCC3 = VCC2 + 3 V, 
VIL = 0.8 V, 
IOH = -100 
lJA 
VCC2-0.3 
VCC2 
0.1 


VOH 
High-level output voltage 
VCC3 = VCC2 + 3 V, 
VIL=0.8 
V, 
IOH =-10 
mA 
VCC2-1.3 
VCC2-0.9 
V 
VCC3 = VCC2. 
VIL = 0.8 V. 
IOH = -50 
lJA 
VCC2-1 
VCC2-0.7 


VCC3= 
VCC2. 
VIL = 0.8 V. 
IOH=-10mA 
VCC2-2.5 
VCC2-1.8 


VIH =2V. 
IOL= 
10mA 
0.15 
0.3 
VOL 
Low-level output voltage 
V 
VCC2 = 15 Vto 28 V. 
VIH=2 
V. 
IOL=40 
mA 
0.25 
0.5 


VF 
Output clamp-diode 
VI=O. 
IF=20mA 
1.5 
V 
forward voltage 


II 
Input current at 
VI = 5.5 V 
1 
mA 
maximum input voltage 


High-level 
Any A 
40 
IIH 
input current 
Any E 
VI = 2.4 V 
80 
lJA 


low-level 
Any A 
-1 
-1.6 
IlL 
input current 
VI = 0.4 V 
mA 
Any E 
-2 
-3.2 


ICC1(H) 
Supply current from 
4 
8 
VCC1, all outputs high 


ICC2(H) 
Supply current from 
VCC1 = 5.25 V. 
VCC2=24 
V. 
VCC3=28 
V, 
-2.2 
0.25 
mA 
VCC2. all outputs high 
All inputs at 0 V. 
No load 


ICC3(H) 
Supply current from 
2.2 
3.5 
VCC3, all outputs high 


ICC1(L) 
Supply current from 
31 
47 
VCC1. all outputs low 


ICC2(L) 
Supply current from 
VCC1 = 5.25 V, 
VCC2 =24 V, 
VCC3= 
28 V, 
2 
mA 
VCC2. all outputs low 
All inputs at 5 V. 
No load 


ICC3(L) 
Supply current from 
16 
27 
VCC1. all outputs low 


ICC2(H) 
Supply current from 
0.25 
VCC2. all outputs high 
VCC1 = 5.25 V, 
VCC2=24V. 
VCC3=24 
V. 
mA 
ICC3(H) 
Supply current from 
All inputs at 0 V. 
No load 
0.5 
VCC3. all outputs high 


ICC2(S) 
Supply current from 
0.25 
VCC2. standby condition 
VCC1 = O. 
VCC2=24 
V. 
VCC3=24 
V, 
mA 
Supply current from 
All inputs at 0 V. 
No load 
ICC3(S) 
VCC3, standby condition 
0.5 


t All typical values are at VCC1 = 5 V, VCC2 = 20 V, VCC3 = 24 V, and TA = 25'C .exceptfor VOH for which VCC2 and VCC3 are as stated under test 
conditions. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tDLH 
Delay time, low-to-high-Ievel 
output 
20 
30 
ns 


tDHL 
Delay time, high-to-Iow-Ievel 
output 
10 
20 
ns 


tpLH 
Propagation delay time, low-to-high-Ievel 
output 
CL =200 
pF 
10 
40 
60 
ns 


tpHL 
Propagation delay time. high-to-Iow-Ievel 
output 
RD = 24Q, 


10 
30 
50 
See Figure 1 
ns 


trLH 
Transition time. low-to-high-Ievel 
output 
20 
30 
ns 


trHL 
Transition time, high-to-Iow-Ievel 
output 
20 
30 
ns 


"!!1 
TEXAS 
INSTRUMENTS 


SN75374 
QUADRUPLE MOSFET DRIVER 


Pulse 
Generator 
(see Note A) 


24V 


5VJ 
20V 
r-L _1_, 
I 
VCC1 
VCC2 I 
I 
VCC3 
I 
I 
I 
I 
GND 
I 
L_--:l-__ .J 


Output 
T CL=200 
pF 
-=- 
(see Note B) 


14 
.1 
,,;10ns 
I 
1 
I 
---r---- 
I 
I 
I 
I 
0.511s 
tpHL 


VOH 


VCC2-2V 


Figure 1. Test Circuit and Voltage Waveforms, Each Driver 


NOTES: 
A. 
The pulse generator has the following characteristics: 
PRR = 1 MHz, Zo ~50 n. 


B. 
CL includes probe and jig capacitance. 
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HIGH-LEVEL 
OUTPUT 
VOLTAGE 
vs 
HIGH-LEVEL 
OUTPUT 
CURRENT 


VCC2 


> 
I 
-0.5 
Ql 
'" 
TA = 70°C 
J!l 
;g 
-1 
'S 
Do 
TA=O°C 
'S0 
'ii 
-1.5 
> 
Ql 
..I 
1:. 
'" 
-2 
:i: 
I 
VCCl =5 V 
:l: 
-:9 -2.5 
VCC2 = 20 V 
VCC3=24 
V 
VI =0.8V 


-3 
-0.01 
-0.1 
-1 
-10 
-100 


IOH - High-Level Output Current - mA 


Figure 2 


LOW-LEVEL 
OUTPUT 
VOLTAGE 
vs 
LOW-LEVEL 
OUTPUT 
CURRENT 


0.5 


VCCl =5 V 
> 
VCC2 = 20 V 
I 
VCC3=24 
V 
Ql 
0.4 
'" 
VI=2V 
J!l 
;g 


'S 
0.3 
Do 
'S0 
'ii> 
Ql 
..I 
0.2 
~ 
0 
..I 
I..I 
~ 
0.1 


0 
0 
20 
40 
60 
80 
100 


IOL - Low-Level Output Current - mA 


Figure 4 


VCC2 
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HIGH-LEVEL 
OUTPUT 
VOLTAGE 
vs 
HIGH-LEVEL 
OUTPUT 
CURRENT 


VCCl =5V 
VCC2 = VCC3 = 20 V 
Vl = 0.8 V 


-0.1 
-1 
-10 
-100 


IOH - High-Level Output Current - mA 


VCCl =5V 
VCC2= 20V 
VCC3= 24 V 
TA = 25°C 
No Lo~d 


0.5 
1 
1.5 
2 


VI - Input 
Voltage - V 


Figure 5 
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PROPAGATION 
DELAY 
TIME 
LOW-TO-HIGH-LEVEL 
OUTPUT 
vs 
FREE-AIR 
TEMPERATURE 


I 
I 
I 


I 
_ ~CL=4000pF 
VCC1 =5V 
VCC2 = 20 V 
VCC3=24V 
RO =24 Q 
See Figure 1 


CL = 2000 pF 


I 
I 
I 
I 
I 


CL = 1000 pF 


I 
I 


CL - 200 pF 


~L= 
50 pF 


PROPAGATION 
DELAY 
TIME 
HIGH-TO-LOW-LEVEL 
OUTPUT 
vs 
FREE-AIR 
TEMPERATURE 


CL = 4000 pF 


VCC1 =5V 
f- VCC2 = 20V 
VCC3= 24V 
I- RO = 24 Q 


Se 
Figure 1 
CL = 2000 pF 


, 
CL = 1000 pF 


CL = 200 pF 


CL = 50 pF 


10 
20 
30 
40 
50 
60 
70 
80 


TA - Free-Air Temperature 
- °C 


PROPAGATION 
DELAY 
TIME 
LOW-TO-HIIGH-LEVEL 
OUTPUT 
vs 
VCC2 SUPPLY 
VOLTAGE 


10 
20 
30 
40 
50 
60 
70 
80 


TA - Free-Air Temperature 
- °C 


VCC1 = 5 V 
VCC3 = VCC2+ 4 V 
RO=24Q 
TA = 25°C 
See Figure 1 


Figure 7 


PROPAGATION 
DELAY 
TIME 
HIGH-TO-LOW-LEVEL 
OUTPUT 
vs 
VCC2 SUPPLY 
VOLTAGE 


250 


VCC1 =5V 
225 
VCC3 = VCC2+ 4 V 
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200 
RO=24Q 


.§ ~ 
TA = 25°C 
I- _ 
175 
See Figure 1 
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VCC2 - Supply Voltage - V 


Figure 9 


5 
10 
15 
20 


VCC2 - Supply Voltage - V 


Figure 8 
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PROPAGATION DELAY TIME 
LOW· TO-HIGH-LEVEL 
OUTPUT 
vs 
LOAD CAPACITANCE 


PROPAGATION DELAY TIME 
HIGH-TO-LOW-LEVEL 
OUTPUT 
vs 
LOAD CAPACITANCE 


VCC1 = 5 V 
VCC2 = 20 V 
VCC3=24V 
TA = 25°C 
See Figure 
1 


VCC1 = 5V 
VCC2=20V 
VCC3=24V 
TA = 25°C 
See Figure 
1 


1000 
2000 
3000 


CL - Load Capacitance 
- pF 


POWER DISSIPATION (ALL DRIVERS) 
vs 


FREQUENCY 


3= 
2000 


E 
1800 
Ic 
1600 
0:; 
1400 
Q. 
'jii., 
1200 
0 
G; 
1000 
~ 
0 
800 
l1. 


I 
C 
600 
l1. 


400 


200 


0 
10 


VCC1 =5V 
VCC2=20V 
VCC3=24V 
Input: 
3-V Square 
Wave 
(50% duty cycle) 
TA = 25°C 


40 
70 100 
200 
400 
f - Frequency 
- khz 


Figure 12 


NOTE: 
For RO = O. operation with CL > 2000 pF violates absolute maximum current rating. 
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power dissipation 
precautions 


Significant 
power 
may be dissipated 
in the SN75374 
driver when charging 
and discharging 
high-capacitance 
loads over a wide voltage 
range at high frequencies. 
Figure 12 shows the power dissipated 
in a typical SN75374 
as a function 
of frequency 
and load capacitance. 
Average 
power 
dissipated 
by this driver 
is derived 
from the 
equation 


PT(AV) = PDC(AV) + PC(AV) + PS(AV) 


where PDC(AV) is the steady-state 
power dissipation 
with the output high or low, PC(AV) is the power level during 
charging 
or discharging 
of the load capacitance, 
and PS(AV) is the power dissipation 
during switching 
between 
the low and high levels. 
None of these 
include 
energy 
transferred 
to the load and all are averaged 
over a full 
cycle. 


The power components 
per driver channel 
are 


PHtH 
+ P LtL 


PDC(AV) 
= 
T 


1 


1 


--- 
tH ----+1 


T = lit 
------- 


Figure 13. Output 
Voltage 
Waveform 
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PL, PH, PLH, and PHL are the respective 
instantaneous 
levels of power dissipation, 
C is the load capacitance. 


Vc is the voltage 
across 
the load capacitance 
during the charge 
cycle shown 
by the equation 


Vc = VOH -VOL 


PS(AV) may be ignored 
for power calculations 
at low frequencies. 


In the following 
power 
calculation, 
all four channels 
are operating 
under 
identical 
conditions: 
f = 0.2 MHz, 


VOH = 19.9 V and VOL = 0.15 Vwith 
VCC1 = 5 V, VCC2 = 20 V, VCC3 = 24 V, Vc = 19.75 V, C = 1000 pF, and the 
duty cycle = 60%. At 0.2 MHz for CL < 2000 pF, PS(AV) is negligible 
and can be ignored. 
When the output voltage 


is low, ICC2 is negligible 
and can be ignored. 


On a per-channel 
basis using data sheet values, 


PDC(AV) 
= [(5 
V)(4 
~A) 
+ (20 V)(- 
2.~ mA) 
+ (24 V)(2.24mA)}0.6) 
+ 


[(5 
V)(314mA) 
+ (20 V)(O 
~A) 
+ (24 v)(164mAH0.4) 


PDC(AV) = 58.2 mW per channel 


Power 
during the charging 
time of the load capacitance 
is 


PC(AV) = (1000 pF) (19.75 V)2 (0.2 MHz) = 78 mW per channel 


Total power for each driver is 


PT(AV) = 58.2 mW + 78 mW = 136.2 mW 


The total package 
power 
is 


PT(AV) = (136.2) 
(4) = 544.8 mW 
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driving 
power MOSFETs 


The drive requirements 
of power 
MOSFETs 
are much 
lower than comparable 
bipolar 
power transistors. 
The 
input impedance 
of a FET consists 
of a reverse biased PN junction 
that can be described 
as a large capacitance 


in parallel 
with a very high resistance. 
For this reason, 
the commonly 
used open-collector 
driver with a pullup 
resistor 
is not satisfactory 
for high-speed 
applications. 
In Figure 
13(a), an IRF151 
power 
MOSFET 
sWitching 
an inductive 
load 
is driven 
by an open-collector 
transistor 
driver 
with 
a 470-Q 
pullup 
resistor. 
The 
input 
capacitance 
(CISS) specification 
for an IRF151 
is 4000 pF maximum. 
The resulting 
long turn-on 
time due to the 
product 
of input capacitance 
and the pullup resistor 
is shown 
in Figure 
13(b). 
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> 
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I 


Ql 
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3 
:l 
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~ 
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I 
3 
I 
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I 
-? 
1 
6 
__ 
oJ 
I 
::I: 
2 
.,,- 
-? 
00 
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1.5 
2 


t-Time-lls 


(b) 


A faster, 
more efficient 
drive circuit 
uses an active 
pull-up 
as well as an active 
pull-down 
output 
configuration, 


referred 
to as a totem-pole 
output. The SN75374 
driver provides 
the high-speed 
totem-pole 
drive desired 
in an 
application 
of this type, see Figure 
14(a). The resulting 
faster 
switching 
speeds 
are shown 
in Figure 
14(b). 
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Power 
MOSFET 
drivers 
must be capable 
of supplying 
high peak currents 
to achieve 
fast switching 
speeds 
as 
shown 
by the equation 
f 


VC 
IpK = ~ 


where 
C is the capacitive 
load, and tr is the desired 
rise time. V is the voltage 
that the capacitance 
is charged 
to. In the circuit 
shown 
in Figure 
14(a), V is found 
by the equation 


V = VOH - VOL 


Peak current 
required 
to maintain 
a rise time of 100 ns in the circuit 
of Figure 
14(a) is 


I 
= (3 - 
0)4(10 
- 9) 
= 120 mA 
PK 
100(10 
- 9) 


Circuit 
capacitance 
can be ignored 
because 
it is very small compared 
to the input capacitance 
of the IRF151. 


With a Vcc 
of 5 V and assuming 
worst-case 
conditions, 
the gate drive voltage 
is 3 V. 


For applications 
in which the full voltage 
of VCC2 must be supplied 
to the MOSFET 
gate, VCC3 should be at least 
3 V higher than VCC2' 
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• 
Saturating 
Outputs With Low On-State 
Resistance 


• 
High-Impedance 
Inputs Compatible 
With 
CMOS and TTL Levels 


• 
Very Low Standby Power ... 
21 mW Max 


• 
High-Voltage 
Outputs ... 
70 V Min 
• 
No Power-Up or Power-Down 
Output Glitch 


• 
No Latch-Up Within Recommended 
Operating 
Conditions 


• 
Output-Clamp 
Diodes for Transient 
Suppression 


• 
2-W Power Package 


description 


The 
SN75436 
and 
SN75437A 
quadruple 
peripheral drivers are designed for use in systems 
requiring high current, high voltage, and high load 
power. 
Each 
device 
features 
four 
inverting 
open-collector 
outputs with a common-enable 
input that, when taken low, disables all four 
outputs. 
The envelope 
of 
1-V characteristics 
exceeds the specifications sufficiently to avoid 
high-current latch-up. Applications include driving 
relays, 
lamps, 
solenoids, 
motors, 
LEDs, 


transmission 
lines, hammers, and other high- 


power-demand devices. 


The SN75436 and SN75437A are offered in a 
16-pin wide-body surface-mount (NE) package 
and is characterized for operation over the free-air 
temperature of Qoeto 7Qoe. 


SN75436,SN75437A 
QUADRUPLE PERIPHERAL DRIVERS 


NEPACKAGE 
(TOP VIEW) 


1 U 16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


7 
10 


8 
9 


1Y 
1,2 D 
2Y 


HEATSINK{ 
AND GND 


3Y 
3,4 D 
4Y 


1A 
2A 
G 


} 
HEAT SINK 
AND GND 


Vcc 
3A 
4A 


1Y 
1A 


3 
2Y 
2A 
2 
1,20 
6 
3Y 
3A 


8 
4Y 
4A 
7 
3,4 D 


t This symbol is in accordance 
with ANSI/IEEE 
Std 91-1984 


and IEC publication 617-12. 


FUNCTION TABLE 
(each NAND driver) 


INPUTS 
OUTPUT 


A 
G 
Y 


H 
H 
L 


L 
X 
H 


X 
L 
H 


FEATURE 
SN75436 
SN75437A 
UNIT 


Maximum recommended 
output current 
0.5 
0.5 
A 


Maximum VOL at maximum IOL 
0.5 
0.5 
V 


Maximum recommended 
output supply 


50 
35 
V 
voltage in an inductive switching circuit, VS 


PRODUCTION DATA InfonnaUon 
is current 
as of publtcation 
date. 


Products 
conform 
to spec:lfieltions 
per the tenns 
of Texas 
Instruments 


standard 
warranty. 
Production 
processIng 
does 
not necessarlty 
Include 


teltlng 
of aU parameter 
•• 
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absolute 
maximum 
ratings over operating 
temperature 
range (unless otherwise 
noted) 


Supply voltage, Vcc 
7 V 
Input voltage, VI 
30 V 
Output current (see Note 1) 
0.75 A 
Output clamp-diode current, 10K 
1.25 A 
Output voltage, Vo (off state) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
70 V 
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 2.) 
2075 mW 
Operating free-air temperature range, TA 
O°Cto 70°C 
Storage temperature range, Tstg 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16-inch) from case for 10 seconds 
260°C 


NOTES: 
1. 
All four sections of these circuits may conduct rated current simultaneously; 
however, power dissipation averaged over a short time 
interval must fall within the continuous 
dissipation ratings. 


2. 
For operation above 25°e free-air temperature, 
derate linearly to 1328 mW at 700e at the rate of 16.6 mW/oe. 


SN75436 
SN75437A 
PARAMETER 
UNIT 
MIN 
NOM 
MAX 
MIN 
NOM 
MAX 


Supply voltage, Vee 
4.75 
5 
5.25 
4.75 
5 
5.25 
V 


High-level input voltage, VIH 
2 
2 
V 


Low-level input voltage, VIL 
0.8 
0.8 
V 


Output supply voltage in inductive switching circuit (see Figure 2), Vs 
50 
35 
V 


Output current, 10 
0.5 
0.5 
A 


Operating free-air temperature, 
TA 
0 
70 
0 
70 
°e 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYPt 
MAX 
UNIT 


VIK 
Input clamp voltage 
Vcc 
= 4.75 V, 
11=-12mA 
-0.9 
-1.5 
V 


VCC = 4.75 V, IIOL = 250 mA 
0.14 
0.25 
VOL 
Low-level output voltage 
V 
VIH =2 V 
IIOL=500 
mA 
0.28 
0.5 


VR(K) 
Output clamp-diode 
reverse voitage 
Vcc 
= 4.75 V, 
IR=100J.lA 
70 
100 
V 


VF1Kl 
Output clamp-diode 
forward voltage 
IF= 500 mA 
1 
1.6 
V 


10H 
High-level output current 
VCC =4.75 
V, 
VIH =2V, 
1 
100 
J.1A 
VIL = 0.8 V, 
VOH=70V 


IIH 
High-level input current 
Vcc 
= 5.25 V, 
VI = 5.25 V 
0.1 
10 
J.1A 


IlL 
Low-level input current 
VCC= 
5.25 V, 
VI =0.8 
V 
-0.25 
-10 
J.1A 


ICCH 
Supply current, outputs high 
VCC = 5.25 V, 
VI =0 
1 
4 
mA 


'CCL 
Supply current, outputs low 
VCC =5.25 
V, 
VI=5V 
45 
65 
mA 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tpLH 
Propagation delay time, low-to-high-Ievei 
output 
1950 
5000 
ns 


tpHL 
Propagation 
delay time, high-to-Iow-Ievel 
output 
CL = 30 pF, 
RL = 60 n, 
150 
500 
ns 


ITLH 
Transition time, low-to-high-Ievel 
output 
See Figure 1 
40 
ns 


ITHL 
Transition time, high-to-Iow-Ievel 
output 
36 
ns 


SN75436 
Vs =50V, 
10=500 
mA, 
VS-10 
mV 


VOH 
High-level output voltage after switching 
RL= 100n, 
See Figure 2 


SN75437A 
Vs = 35 V, 
10=500 
mA, 
VS-10 
mV 
RL= 70n, 
See Figure 2 


~TEXAS 
INSTRUMENTS 


SN75436, SN75437 A 
QUADRUPLE 
PERIPHERAL DRIVERS 


Input 
Vcc 


2.4 V 
I 
LJ~-------l 


AlG 


I 
Circuit 
I 


G/A 
Under 
I 
Test 
I 
I 
I 
I 
I 
1---- 
.J 


I*-- 
511S 
--.I I 1.- ~5 ns 


I I 
90% 
Input 
I 
1.5 V 


I 
I 


~tPHL 


90% 
I 
I 


CL=30pF 
(see Note B) 
I 
I 


I 
1 
I4+r 
tTHL 


Open 


TEST CIRCUIT 


NOTES: 
A. 
The pulse generator has the following characteristics: 
PRR = 100 kHz, Zo = 50 Q. 


B. 
CL includes probe and jig capacitance. 


I 
10% 
OV 


~ 
tpLH 


I 
I 
90% 
VOH 


50% 
I 


10% -+--- 
VOL 


1 
I 
I+*- tTLH 


----- 
4011S-----.1 
I 
-f--- 
3V 


: 
10% OV 


~~10ns 


I 
I 
I 


~ 
~5ns 


NOTES: 
A. 
The pulse generator has the following characteristics: 
PRR = 12.5 kHz, Zo = 50 Q. 


B. 
CL includes probe and jig capacitance. 
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• 
1.3-A Current Capability 
Each Channel 


• 
Saturating 
Outputs With Low On-State 
Resistance 


• 
Two Inverting and Two Noninverting 
Driver 
Channels With Common Active-Low 
Enable 
Input 


• 
Key Application 
Is as a Complete Full-Step 
4-Phase DC Stepper Motor Driver Using 
Only Three Directly Connected 
Logic 
Control Signal Lines From Standard 
Microprocessors 


• 
High-Impedance 
Inputs Compatible 
With 
TTL or CMOS Levels 


• 
Very Low Standby Power ... 
10 mW Typ 
• 
50-V Noninductive 
Switching 
Voltage 
Capability 


• 
40-V Inductive 
Switching 
Voltage Capability 


• 
Output Clamp Diodes for Inductive 
Transient Protection 


• 
2-W Power Package 


description 


The 
SN75439 
quadruple 
peripheral 
driver 
is 
designed 
for 
use 
in systems 
requiring 
high 
current, high voltage, and high load power. The 
device features two inverting and two noninverting 
open-collector 
outputs with a common-enable 
input that, when taken high, disables all four 
outputs. By pairing each inverting channel with a 
corresponding 
noninverting 
channel 
(such as 
channel 1 paired with channel 2 and channel 3 
paired with channel 4), the device may be used as 
a complete full-step 4-phase dc stepper-motor 
driver using only two input logic control signals 
plus the enable signal, as shown in Figure 3. Other 
applications 
include 
driving 
relays, 
lamps, 


solenoids, 
motors, 
LEDs, transmission 
lines, 
hammers, and other high-power-demand loads. 


The SN75439 is characterized for operation from 
ooe to 70°C. 


SN75439 
QUADRUPLE PERIPHERAL DRIVER 


1Y 
1,2D 
2Y 


HEATSINK{ 
AND GND 


3Y 
3,4D 
4Y 


NEPACKAGE 
(TOP VIEW) 


1 V 16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


7 
10 
8 
9 


1A 
2A 
G 


} 
HEAT SINK 
ANDGND 


Vcc 
3A 
4A 


logic 
symbolt 


G 
14 


16 
1Y 
1A 


3 
15 
2Y 
2A 
2 
1,20 
6 
10 
3Y 
3A 


8 
9 
4Y 
4A 
7 
3,40 


tThis 
symbol is in accordance 
with ANSI/IEEE 
Std 91-1984 
and IEC publication 617-12. 


Function Tables 


EACH CHANNEL 1 OR 
EACH CHANNEL 2 OR 
CHANNEL 4 DRIVER 
CHANNEL 3 DRIVER 


INPUTS 
OUTPUT 


A 
G 
Y 


H 
L 
L 
L 
X 
H 
X 
H 
H 


INPUTS 
OUTPUT 


A 
G 
Y 


L 
L 
L 
H 
X 
H 
X 
H 
H 


~o:::.c~ls~~~r::=n:: 
ItIndird wamnty. Production 
proc::ealng 
don not rMK:eSUrily 
Include 
testing of an penlJneten. 
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SN75439 
QUADRUPLE PERIPHERAL DRIVER 


SLRS013A- 
MAY 1988- 
REVISED 
NOVEMBER 
1989 


logic diagram 
(positive 
logic) 


G 
14 


16 
1Y 
1A 
2 
1,20 


3 
15 
2Y 
2A 


6 
10 
3Y 
3A 
7 
3,40 


8 
9 
4Y 
4A 


GNO 


absolute 
maximum 
ratings over operating 
temperature 
range (unless 
otherwise 
noted) 


Supply 
voltage 
range, VCC (see Note 1) 
-0.3 
V to 7 V 
Input voltage, 
VI 
7 V 
Output 
voltage 
range, Vo 
......................................................•... 
-0.3 
V to 52 V 
Output 
voltage, 
Vo (inductive 
load) 
43 V 
Output 
clamp-diode 
terminal 
voltage 
range, VOK 
-0.3 
V to 52 V 
Input current, 
II 
-15 
mA 
Peak sink output 
current, 
10M (nonrepetitive, 
tw :5:0.1 ms) (see Note 2) 
1.5 A 
(repetitive, 
tw :5:10 ms. duty cycle :5:50%) 
1.4 A 
Continuous 
sink output 
current, 
10 (see Note 2) 
1.3 A 
Peak output 
clamp diode current, 
10KM (nonrepetitive, 
tw :5:0.1 ms) (see Note 2) 
1.5 A 
(repetitive. 
tw:5: 10 ms. duty cycle:5: 50%) 
1.3 A 
Continuous 
total dissipation 
at (or below) 
25°C free-air 
temperature 
(see Note 3) 
2075 mW 
Continuous 
total dissipation 
at (or below) 
65°C case temperature 
(see Note 3) 
5000 mW 
Operating 
case or virtual junction 
temperature 
range 
-55°C 
to 150°C 
Storage 
temperature 
range 
-65°C 
to 150°C 
Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


NOTES: 
1. 
All voltage values are with respect to the network GND (unless otherwise specified). 


2. 
All four channels of this device may conduct rated current simultaneously; 
however, power dissipation average over a short time 
interval must fall within the continuous dissipation 
range. 
3. 
For operation 
above 25°C free-air temperature, 
derate 
linearly at the rate of 16.6 mW/oC. For operation 
above 65°C case 
temperature, 
derate linearly at the rate of 59 mWrC. To avoid exceeding the design maximum virtual junction temperature, 
these 


ratings should not be exceeded. 
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SN75439 
QUADRUPLE PERIPHERAL DRIVER 


MIN 
NOM 
MAX 
UNIT 


Supply voltage, Vee 
4.75 
5 
5.25 
V 


Output supply voltage in inductive switching circuit, Vs (see Figure 2) 
40 
V 


High-level input voltage, VIH 
2 
5.25 
V 


Low-level input voltage, VIL 
-0.3t 
0.8 
V 


Low-level output current, 10L 
1.3 
A 


Operating free-air temperature, 
TA 
0 
25 
70 
°e 


t The algebraic convention, 
in which the least positive (most negative) value is designated minimum, is used in this data sheet for logic voltage 
levels. 


electrical 
characteristics 
over recommended 
ranges of operating 
free-air temperature 
and supply 
voltages 
(unless 
otherwise 
noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYpt 
MAX 
UNIT 


VIK 
Input clamp voltage 
11=-12mA 
-0.9 
-1.5 
V 


10L= 0.5A 
0.2 
0.35 


VOL 
Low-level output voltage 
10L= 1 A 
See Note 4 
0.4 
0.7 
V 


10L= 1.3A 
0.5 
0.9 


IF = 0.5 A 
1.1 
1.9 


VF(K) 
Output clamp-diode 
forward voltage 
IF= 1 A 
See Note 4 
1.3 
2.2 
V 


IF = 1.3 A 
1.4 
2.4 


10H 
High-level output current 
VOH=50V, 
VOK=50V 
100 
~ 


IIH 
High-level input current 
VI =VIH 
10 
IlA 


IlL 
Low-level input current 
VI = Oto 0.8 V 
-10 
IlA 


IRCK) 
Output clamp-diode 
reverse current (at Youtput) 
VR = 50 V, 
VO=O 
100 
IlA 


All outputs at high level (off) 
2 
8 


Ice 
Supply current 
All outputs at low level (on) 
140 
200 
mA 
Two outputs at high level (off) and two 
70 
110 
outputs at low level (on) 


t All typical values are at Vee 
= 5 V, TA = 25°C. 
NOTE 4: 
These parameters 
must be measured using pulse techniques, 
tw = 1 ms, duty cycle" 
10%. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tpLH 
Propagation 
delay time, low-to-high-Ievel 
output 
1500 
ns 


tpHL 
Propagation 
delay time, high-to-Iow-Ievel 
output 
10L= 1 A, 
eL = 30 pF, 
100 
ns 


lTLH 
Transition time, low-to-high-Ievel 
output 
RL = 30 Q, 
See Figure 1 
170 
ns 


lTHL 
Transition time, high-to-Iow-Ievel 
output 
50 
ns 


VOH 
High-level output voltage (after switching inductive load) 
Vs = 40 V, 
10= 1.3A, 
VS-l00 
mV 
RL=31 
Q, 
See Figure 2 
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SN75439 
QUADRUPLE PERIPHERAL DRIVER 


Pulse 
Generator 
(see Note A) 


Input 
Under 
Test 


Other Input 
(see Note B) 


Input 
(lA,4A) 
I 
10% 
I 


j'II 
51ls 


~tPHL 


I 
I 
I 
90% 
I 
I 


5V 
Open 


VCC 
D 


Channel 
Under 
Test 


CL = 30 pF 
(see Note C) 


~ 
I 
I 
I 
I 
I 
I 
I-1------- 
OV 


I 


~ 
: 
~ 
S 10 ns 
--1----- 
3V 
I 
I 
I 
I 


1 
I 


10% 


lTHL 


I 
I 
I 
I 
--1--- 
VOL 
~ 
~ 
tTLH 


NOTES: 
A. 
The pulse generator has the following characteristics: 
duty cycle S 1 %, Zo = 50 Q. 


B. 
Enable input G is at 0 V if input A is used as the switching input. When G is used as the switching input, the corresponding 
A input 
is at 0 V if testing channel 2 or channel 3 or at 3 V if testing channel 1 or channel 4. 


C. 
CL includes probe and jig capacitance. 


Figure 1. Test Circuit and Voltage Waveforms, Switching Characteristics 
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SN75439 
QUADRUPLE PERIPHERAL DRIVER 


5V 


Vcc 


Pulse 
Generator 
(see Note A) 


A 
Channel 


Under 
Test 


CL = 30 pF 
(see Note B) 


os; 10 ns 
~ 


os; 10 ns 


I 
3V 
90% 
I 
90% 


Input 
I 
(2A,3A) 
I 
I 
1 


10% 
10% 


-:------- 
OV 
40011S~ 


1 


os; 10 ns 
l.- 
I 
~l 
os; 10 ns 
1 1 
I 


90% 
90% 
-1-1----- 
3V 


Input 
1 
I 


(1A,4A) 
I 
I 
I 


10% 
10% 


------ 
VOL 


VOLTAGE WAVEFORMS 


NOTES: 
A. 
The pulse generator has the following characteristics: 
duty cycle os; 1 %, Zo = 50 Q. 


B. 
CL includes probe and jig capacitance. 
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SN75439 
r--------------, 
~ 
114 
1 
11Y 
1A 
116 


Data Lines From 
Microprocessor 


1 


2 
11,20 


DN~ 


DK~ 


r----- ----, 
Four-Phase I 
Stepper 
I 
Motor 
1 
1IIIII 
1II 


1 


1 
1I 


1I 
1 
I 
L 
.J 
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1-A Output-Current 
Capability 
Per Driver 


Applications 
Include Half-H and Full-H 
Solenoid 
Drivers and Motor Drivers 


Designed for Positive-Supply 
Applications 
Wide Supply-Voltage 
Range of 4.5 V to 36 V 


TTL- and CMOS-Compatible 
High-Impedance 
Diode-Clamped 
Inputs 


Separate Input-Logic 
Supply 


Thermal Shutdown 


Internal ESD Protection 
Input Hysteresis 
Improves 
Noise Immunity 


3-State Outputs 
Minimized Power Dissipation 


Sink/Source 
Interlock Circuitry 
Prevents 
Simultaneous 
Conduction 
No Output Glitch During Power Up or 
Power Down 
Improved Functional 
Replacement for the 
SGS L293 


SN754410 
QUADRUPLE HALF·H DRIVER 


1,2EN 


1A 


1Y 


HEAT 
SINK 
AND 
{ 


GROUND 


2Y 


2A 


VCC2 


NEPACKAGE 
(TOP VIEW) 


1 U 16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


7 
10 
8 
9 


VCC1 
4A 


4Y 


} 
HEAT 
SINK 
AND 


GROUND 


3Y 


3A 


3,4EN 


FUNCTION TABLE 
(each driver) 


INPUTst 
OUTPUT 


A 
EN 
Y 


H 
H 
H 


L 
H 
L 


X 
L 
Z 
H = high-level, 
L = low-level 
X = irrelevant 
Z = high-impedance 
(off) 
t In 
the 
thermal 
shutdown 
mode, the output is in a high- 
impedance state regardless 
of the input levels. 
description 


The SN75441 0 is a quadruple 
high-current 
half-H 
driver 
designed 
to 
provide 
bidirectional 
drive 
currents 
up to 1 A at voltages 
from 4.5 V to 36 V. 


The 
device 
is designed 
to drive 
inductive 
loads 
such as relays, solenoids, 
dc and bipolar stepping 
motors, 
as well as other high-currentlhigh-voltage 
loads in positive-supply 
applications. 


All inputs are compatible 
with TTL-and 
low-level 
CMOS 
logic. Each output 
(Y) is a complete 
totem-pole 
driver 
with a Darlington 
transistor 
sink and a pseudo-Darlington 
source. 
Drivers are enabled 
in pairs with drivers 
1 and 
2 enabled 
by 1,2EN and drivers 
3 and 4 enabled 
by 3,4EN. When an enable 
input is high, the associated 
drivers 
are enabled 
and their outputs 
become 
active and in phase with their inputs. When the enable 
input is low, those 
drivers 
are disabled 
and their outputs 
are off and in a high-impedance 
state. With the proper data inputs, each 
pair of drivers 
form a full-H (or bridge) 
reversible 
drive suitable 
for solenoid 
or motor applications. 


A separate 
supply 
voltage 
(VCC1) is provided 
for the logic input circuits 
to minimize 
device 
power 
dissipation. 


Supply 
voltage 
VCC2 is used for the output 
circuits. 


The SN75441 0 is designed 
for operation 
from -40°C 
to 85°C. 
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SN754410 
QUADRUPLE HALF-H DRIVER 


logic symbolt 


2 
1A 
Do 
3 
\l 
1Y 
EN 


1,2EN 
EN 
Do 
6 


7 
\l 
2Y 


2A 


10 


3A 
Do 
11 
\l 
3Y 
EN 


3,4EN 


EN 
Do 
14 
15 
\l 
4Y 


1A 
~1 
3 
1y 


1,2EN 
7 
6 
2A 
2Y 


3,4EN 


4A 


t This symbol is in accordance 
with ANSI/IEEE 
Std 91-1984 
and IEC Publication 617-12. 


TYPICAL 
OF ALL OUTPUTS 


VCC2 
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SN754410 
QUADRUPLE HALF-H DRIVER 


absolute 
maximum 
ratings over operating 
free-air 
temperature 
range (unless 
otherwise 
noted)t 


Output supply voltage range, VCC1 (see Note 1) 
-0.5 V to 36 V 


'Output supply voltage range, VCC2 
-0.5 V to 36 V 
Input voltage, VI 
36 V 


Output voltage range, Vo 
-3 V to VCC2 + 3 V 


Peak output current (nonrepetitive, tw ::;5 ms) 
±2 A 


Continuous output current, 10 
± 1.1 A 


Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 2) 
2075 mW 
Operating free-air temperature range, TA 
-40°C to 85°C 
Operating virtual junction temperature range, TJ 
-40°C to 150°C 


Storage temperature range, Tstg 
-65°C to 150°C 


Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 


NOTES: 
1. 
All voltage values are with respect to network GND. 


2. 
For operation above 25°C free-air temperature, 
derate linearly at the rate of 16.6 mW/oC. To avoid exceeding the design maximum 
virtual junction temperature, 
these ratings should not be exceeded. Due to variations in individual device electrical characteristics 
and thermal resistance, the built-in thermal overload protection can be activated at power levels slightly above or below the rated 
dissipation. 


MIN 
MAX 
UNIT 


Output supply voltage, VCC1 
4.5 
5.5 
V 


Output supply voltage, VCC2 
4.5 
36 
V 


High-level input voltage, VIH 
2 
5.5 
V 


Low-level input voltage, VIL 
-0.3; 
0.8 
V 


Operating virtuai junction temperature, 
TJ 
-40 
125 
°C 


Operating free-air temperature, 
TA 
-40 
85 
°C 


; The algebraic convention, 
in which the least positive (most negative) limit is designated as minimum, is used in this data sheet for logic voltage 
levels. 
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SN754410 
QUADRUPLE HALF-H DRIVER 


electrical 
characteristics 
over recommended 
ranges 
of supply 
voltage 
and free-air 
temperature 
(unless 
otherwise 
noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYpt 
MAX 
UNIT 


VIK 
Input clamp voltage 
11=-12mA 
-0.9 
-1.5 
V 


10H =-0.5A 
VCC2-1.5 
VCC2-1.1 


VOH 
High-level output voltage 
10H =-1 
A 
VCC2-2 
V 


10H =-1 
A, 
TJ = 25°C 
VCC2-1.8 
VCC2-1.4 


10L = 0.5 A 
1 
1.4 


VOL 
Low-level output voltage 
10L= 1 A 
2 
V 


10L= 1 A, 
TJ = 25°C 
1.2 
1.8 


VOKH 
High-level output clamp voltage 
IOK=-0.5A 
VCC2+1.4 
VCC2+2 
V 
10K=1 
A 
VCC2+1.9 
VCC2+2.5 


10K= 
0.5A 
-1.1 
-2 
VOKL 
Low-level output clamp voltage 
V 
10K=-1 
A 
-1.3 
-2.5 


Off-state high-impedance-state 
VO= 
VCC2 
500 
10Z{off) 
output current 
VO=O 
-500 
~ 


IIH 
High-level input current 
VI =5.5 V 
10 
~ 


IlL 
Low-level input current 
VI=O 
-10 
~ 


All outputs at high level 
38 


ICCl 
Output supply current 
10=0 
All outputs at low level 
70 
mA 


All outputs at high impedance 
25 


All outputs at high level 
33 


ICC2 
Output supply current 
10=0 
All outputs at low level 
20 
mA 


All outputs at high impedance 
. 
5 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


ldl 
Delay time, high-to-Iow-Ievel 
output from A input 
400 
ns 


ld2 
Delay time, low-to-high-Ievel 
output from A input 
800 
ns 


lTLH 
Transition time, low-to-high-Ievel 
output 
300 
ns 


lTHL 
Transition time, high-to-Iow-Ievel 
output 
See Figure 1 
300 
ns 


tr 
Rise time, pulse input 


tf 
Fall time, pulse input 


tw 
Pulse duration 
, 


tenl 
Enable time to the high level 
700 
ns 


ten2 
Enable time to the low level 
400 
ns 


tdisl 
Disable time from the high level 
See Figure 2 
900 
ns 


ldis2 
Disable time from the low level 
600 
ns 
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SN754410 
QUADRUPLE HALF-H DRIVER 


Circuit 
Under 
Y 
Test 


CL = 30 pF 
I(see Note B) . 


Input 
SV 
24 V 
12 V 


VCC1 
VCC2 


~ 


EN 
RL=22 
Q 
Circuit 
Under 
Y 
Output 
Test 


CL = 30 pF 
I(see Note B) 


3V 


10% 
OV 


14- tdis2 
I 
=12 V 


I 


VOL 
~ 
VOH 


=12 V 


To 3 V for tpZH and tpHZ 
To 0 V for tpZL and tpLZ 


TEST CIRCUIT 


VOLTAGE WAVEFORMS 
Figure 2. Test Circuit and Switching Times From Enable Inputs 


NOTES: 
A. 
The pulse generator has the following characteristics: 
tr,;; 10 ns, tf';; 10 ns, tw = 10 IlS, PRR = 5 kHz, Zo = 50 Q. 


B. 
CL includes probe and jig capacitance. 
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10kn 
16 
8 
SN754410 


VCC1 C> VCC2 


Control 
A 
2 
3 


V 


EN 


C> 


EN 
7 
6 
V 


C> 


10 
11 


V 


EN 
9 
C> 


EN 


Control 
B 
15 
14 


V 


GND 


4,5,12,13 
-= 


-= 


Figure 3. Two-Phase Motor Driver 
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• 
Very Low Power Requirements 


• 
Very Low Input Current 
• 
Characterized 
for Use to 350 mA 


• 
No Output Latch-Up at 50 V (After 
Conducting 
300 mA) 


• 
High-Voltage Outputs (70 V Min) 
• 
Output Clamp Diodes for Transient 
Suppression 
(350 mA, 70 V) 


• 
TTL- or MOS-Compatible 
Diode-Clamped 
Inputs 


• 
Standard Supply Voltage 
• 
Suitable for Hammer-Driver 
Applications 


description 


The 
SN75446 
and SN75447 
dual peripheral 
drivers are designed for use in systems that 
require 
high current, 
high voltage, 
and fast 
switching times. The SN75446 and SN75447 
provide AND and NAND drivers, respectively. 
These devices have diode-clamped inputs as well 
as 
high-current, 
high-voltage 
inductive-clamp 
diodes on the outputs. 


The 
$N75446 
and 
SN75447 
drivers 
are 
characterized for operation from DOC to 70°C. 


TYPICAL 
OF ALL OUTPUTS 


CLAMP 


SN75446, SN75447 
DUAL PERIPHERAL DRIVERS 


D OR P PACKAGE 
(TOP VIEW) 
sua 
Vcc 
1A 
2 
7 
2A 
1Y 
3 
6 
2Y 
GND 
4 
5 
CLAMP 


Function Tables 


SN75446 
(each AND driver) 


INPUTS 
OUTPUT 


A 
S 
y 


H 
H 
H 
L 
X 
L 


X 
L 
L 


SN75447 
(each NAND driver) 


INPUTS 
OUTPUT 


A 
S 
y 


H 
H 
L 
L 
X 
H 
X 
L 
H 


PRODUCTION 
DATA Information 
is current 
as of publication 
date. 


Products conform to specifications 
per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
testing of all parameters. 
~TEXAS 
INSTRUMENTS 


SN75446, SN75447 
DUAL PERIPHERAL DRIVERS 


SN75446 


2 
&[> 
3 
1A 
Q 
1Y 


CLAMP 
S 
6 
2Y 
7 
5 
2A 
CLAMP 


SN75447 


1A 
2 
&[> 
3 
1A 
Q 
1Y 


CLAMP 
S 
6 
S 
2Y 


2A 
7 
5 
CLAMP 
2A 


t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and lEe publication 617-12. 


absolute 
maximum 
ratings over operating 
free-air temperature 
range (unless otherwise 
noted)* 


Supply 
voltage, 
Vcc (see Note 1) 
7 V 
Input voltage, 
VI 
5.5 V 
Output 
current, 
10 (see Note 2) 
400 mA 
Output 
clamp-diode 
current 
400 mA 
Continuous 
total power 
dissipation 
See Dissipation 
Rating Table 
Operating 
free-air 
temperature 
range, TA 
O°C to 70°C 
Storage 
temperature 
range, Tstg 
-65°C 
to 150°C 
Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


:j: Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions 
beyond those indicated under "recommended 
operating conditions" 
is not 
implied. Exposure to absolute-maximum-rated 
conditions for extended periods may affect device reliability. 
NOTES: 
1. 
Voltage values are with respect to network GND. 
2. 
Both halves of this dual circuit may conduct rated current simultaneously; 
however, power dissipation averaged over a short time 


interval must fall within the continuous 
dissipation ratings. 


DISSIPATION 
RATING TABLE 


TA S 25°C 
DERATING FACTOR 
POWER RATING 
ABOVE TA = 25°C 


725 mW 
5.8 mw/oe 


1000 mW 
8.0 mW/oe 


TA = 70°C 
POWER RATING 


464mW 


640mW 
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INSTRUMENTS 


SN75446, SN75447 
DUAL PERIPHERAL DRIVERS 


MIN 
NOM 
MAX 
UNIT 


Supply voltage, VCC 
4.75 
5 
5.25 
V 


High-level input voltage, VIH 
2 
V 


Low-level input voltage, VIL 
0.8 
V 


Operating free-air temperature 
range, TA 
0 
70 
°c 


PARAMETER 
TEST CONDITIONS 
MIN 
TYPt 
MAX 
UNIT 


VIK 
Input clamp voltage 
11~-12mA 
-0.9 
-1.5 
V 


10L~ 100 mA 
0.1 
0.3 
VCC ~ 4.75 V, 
10L~ 200 mA 
0.22 
0.45 
VOL 
Low-level output voltage 
VIH ~2V, 
V 
VIL ~ 08 V 
10L~ 300 mA 
0.45 
0.65 


10L~ 350 mA 
0.55 
0.75 


VO(BRl 
Output breakdown voltage 
VCC ~4.75 
V, 
10H ~ 100 IlA 
70 
100 
V 


VRIK\ 
Output clamp-diode 
reverse voltage 
VCC ~4.75 
V, 
IR~10011A 
70 
100 
V 


VF(K) 
Output clamp-diode 
forward voltage 
VCC ~4.75 
V, 
IF~ 350 mA 
0.6 
1.2 
1.6 
V 


10H 
High-level output current 
VCC ~4.75 
V, 
VIH ~ 2 V, 
1 
100 
llA 
VIL ~ 0.8 V, 
VOH ~70V 


IIH 
High-level input current 
VCC ~ 5.25 V, 
VI ~ 5.25 V 
0.01 
10 
llA 


A input 
-0.5 
-10 
IlL 
Low-level input current 
S input 
VCC ~5.25 
V, 
VI ~0.8 V 
llA 
-1 
-20 


SN75446 
VI ~5V 
11 
18 
ICCH 
Supply current, outputs high 
VCC ~5.25 
V 
mA 
SN75447 
VI~O 
11 
18 


SN75446 
VI ~O 
11 
18 
ICCL 
Supply current, outputs low 
VCC~5.25 
V 
mA 
SN75447 
VI ~ 5 V 
11 
18 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tpLH 
Propagation 
delay time, low-to-high-Ievel 
output 
300 
750 
ns 


tpHL 
Propagation 
delay time, high-to-Iow-Ievel 
output 
CL ~ 15 pF, 
RL ~ 100 n, 
200 
500 
ns 


tTLH 
Transition time, low-to-high-Ievel 
output 
See Figure 1 
50 
100 
ns 


lTHL 
Transition time, high-to-Iow-Ievel 
output 
50 
100 
ns 


VOH 
High-level output voltage after switching 
VS~55V, 
10 = 300 mA, 


VS-0.018 
V 
See Figure 2 


'!/} TEXAS 
INSTRUMENTS 


SN75446, SN75447 
DUAL PERIPHERAL DRIVERS 


Pulse 
Generator 
(see Note A) 


VCC 


r-L----------, 
I 
I 
I 
I 
I 
II 
II 
Circuit 
I 
Under 
I 
I 
Test 
I 
I 
I 
I 
I 
I 
I 
L________ 
_..I 


~ 


.7V :"~i ,;5ns 


SN75446 Input 
1.5 V 
1 


1 
. 
0.3V 
I.. 
5 !is 


--.I : I+- ,;5 ns 


~ 


I 
2.7 V 
SN75447 Input 
I 
1.5 V 


0.7 V 
I 
I 
I" 
~tPHL 


90"10 
1 
I 
I 
I 
~ 
lTHL 


~ 
,;10ns 
lt 


i 2.7 V 


1 
1.5 V 
0.3 V 
OV 
~ 


-+I I ~ 
,;10ns 


2.7 V ~iT----- 3V 


1.5 V 
I 


I 
0.7 V 
OV 


1 


tPLH 
'" 
~ 


I 


NOTES: 
A. 
The pulse generator has the following characteristics: PRR = 100 kHz, Zo = 50 n. 


B. 
CL includes probe and jig capacitance. 
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Pulse 
Generator 
(see Note A) 


A 


Circuit 


S 
Under 
Output 


Test 
CL = 15 pF 


0.4V 
I(see Note B) 


-=- 
GND 
-=- 
-=- 


TEST CIRCUIT 


I.-.L- 
,;5ns 
~ 
,;10ns 
I 
I 
I 
3V 
I 
I 
90% 
SN75446 Input 
I 
I 
1.5 V 
I 
1 
10% 
10% 
t------ 
OV 
I•• 
40 liS 
~ 
-.II 14- ,; 5 ns 
--.I 
1 14- ,; 10 ns 
1 I 
,----- 
3V 
90% 
SN75447 Input 
I 
1.5 V 
I 


\ 
r_::: 


NOTES: 
A. 
The pulse generator has the following characteristics: 
PRR = 12.5 kHz, Zo = 50 Q. 


B. 
CL includes probe and jig capacitance. 
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SN75468, SN75469 
DARLINGTON TRANSISTOR ARRAYS 


• 
500-mA Rated Collector 
Current (Single 
Output) 


• 
High-Voltage Outputs ... 
100 V 


• 
Output Clamp Diodes 
• 
Inputs Compatible 
With Various Types of 
Logic 


• 
Relay Driver Applications 


• 
Higher-Voltage 
Versions of ULN2003A and 
ULN2004A, for Commercial 
Temperature 
Range 
description 


The 
SN75468 
and 
SN75469 
are 
monolithic 
high-voltage, 
high-current 
Darlington 
transistor 
arrays. 
Each 
consists 
of seven 
npn Darlington 
pairs that feature 
high-voltage 
outputs 
with common-cathode 
clamp 
diodes 
for switching 
inductive 
loads. The collector-current 
rating of each Darlington 
pair is 500 mA. The Darlington 
pairs 
may be paralleled 
for higher current capability. 
Applications 
include 
relay drivers, 
hammer 
drivers, 
lamp drivers, 


display 
drivers 
(LED and gas discharge), 
line drivers, 
and logic buffers. 


The SN75468 
has a 2700-Q 
series base resistor 
for each Darlington 
pair for operation 
directly 
with TTL or 5-V 
CMOS. 
The SN75469 
has a 10.5-kQ 
series 
base resistor 
to allow its operation 
directly 
with CMOS 
or PMOS 
that use supply 
voltages 
of 6 to 15 V. The required 
input current 
is below that of the SN75468. 


D .OR N PACKAGE 
(TOP VIEW) 


18 
1 
U 
16 
1C 
28 
2 
15 
2C 
38 
3 
14 
3C 
48 
4 
13 
4C 
58 
5 
12 
5C 
68 
6 
11 
6C 


78 
7 
10 
7C 


E 
8 
9 
COM 


CLAM~ 
9 


1 
16 


[> 
Q 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


7 
10 


logic diagram 


9 
COM 
COM 
16 
18 
1C 


1C 


2C 
15 
28 
2C 
3C 


4C 
14 
38 
3C 
5C 


6C 
13 
7C 
48 
4C 


12 
58 
5C 


11 
68 
6C 


10 
78 
7C 


t This symbol is in accordance with ANSI/IEEE 
Std91-1984 and lEG publication 617-12. 


PROOUCTlON 
DATA Information 
ls current 
as of 
publication 
date. 


Products 
conform 
10 specifications 
per the terms 
of Teus Instruments 
standard 
warranty. 
Production 
procnslng 
doe, 
not necessarUy 
Include 


testing 
of all parameters. 
~TEXAS 
INSTRUMENTS 


SN75468, SN75469 
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B 


SN75468: 
RB = 2.7 kQ 
SN75469: 
RB = 10.5 kQ 


absolute 
maximum 
ratings at 25°C free-air temperature 
(unless 
otherwise 
noted) 


Collector-emitter voltage, VCE ........................................................•.... 
100 V 
Input voltage, VI (see Note 1) 
:........................... 
30 V 
Peak collector current (see Figures 14 and 15) 
500 mA 
Output clamp current, 10K 
500 mA 
Total emitter-terminal current 
-2.5 A 
Continuous total power dissipation 
See Dissipation Rating Table 
Operating free-air temperature range, TA 
O°Cto 70°C 
Storage temperature range, Tstg 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


NOTE 1: 
All voltage values are with respect to the emitter/substrate 
terminal E, unless otherwise noted. 


DISSIPATION 
RATING TABLE 


TA'; 
25°C 
DERATING 
FACTOR 
TA = 70°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 


950mW 


1150mW 


7.6 mW/oC 


9.2 mW/oC 


608mW 


736mW 
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TEST 
SN75468 
SN75469 


PARAMETER 
TEST CONDITIONS 
UNIT 
FIGURE 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


IC = 125 mA 
5 


IC =200mA 
2.4 
6 


IC = 250 mA 
2.7 
VI(on) 
On-state input voltage 
5 
VCE =2V 
V 
IC = 275 mA 
7 


IC = 300 mA 
3 


IC =350 
mA 
8 


II = 250 !lA, 
Ic=100mA 
0.9 
1.1 
0.9 
1.1 


VCE(sat) 
Collector-emitter 
6 
II = 350 !lA, 
IC =200 
mA 
1 
1.3 
1 
1.3 
V 
saturation voltage 
11=500 !lA, 
IC =350 
mA 
1.2 
1.6 
1.2 
1.6 


VF 
Clamp-diode 
forward 
8 
IF= 350mA 
1.7 
2 
1.7 
2 
V 
voltage 


VCE= 
100 V, 
II =0 
50 
50 
1 
VCE= 
100 V, 
III =0 
ICEX 
Collector cutoff current 
100 
100 
!lA 


2 
TA = 70°C 
I VI= 
1 V 
500 


II(off) 
Off-state input current 
3 
VCE = 50 V, 
IC = 500 !lA, 
50 
65 
50 
65 
!LA 


TA = 70°C 


VI = 3.85 V 
0.93 
1.35 


II 
Input current 
4 
VI =5V 
0.35 
0.5 
mA 


VI = 12V 
1 
1.45 


Clamp-diode 
reverse 
VR=100V 
50 
50 
IR 
7 
!LA 
current 
VR = 100V, 
TA=70°C 
100 
100 


Ci 
Input capacitance 
VI =0, 
f= 
1 MHz 
15 
25 
15 
25 
pF 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tpLH 
Propagation delay time, low-to-high-Ievel 
output 
Vs = 50 V, 
RL= 163Q, 
CL=15pF, 
0.25 
1 
!ls 


tpHL 
Propagation delay time, high-to-Iow-Ievel 
output 
See Figure 9 
0.25 
1 
!ls 


VOH 
High-level output voltage after switching 
VS=50V, 
10 =300 mA, 
See Figure 10 
VS-20 
mV 
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Open 
VCE 
Open 
VCE 


~ 


Open 
VI 


-::- 
-::- 


Figure 1. ICEX 
Figure 2. ICEX 


Open 
VCE 
Open 
VCE 


~IC 
II~ 
~IC 


VI 


NOTE: 
II is fixed for measuring VCE(sat). 
variable for measuring hFE. 


Figure 6. hFE. VCE(sat) 


~f~~" 
Open 
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Open 
r----- 
II 


IL__ 


Output 


CL = 15 pF 
(see Note B) 


--+I 
~ 
~10ns 
-1------------ 
90% 
1 


50% 
I 


_I 
10% 
0.511S 
~ 
tpHL ~ 
j4- 
tpLH ~ 
-------__. 
I 
I ,..------ 


~_50_% 
5_0~ 
_ 


VIH 
(see Note C) 


r----- 
II 
IL__ 


Output 


CL=15pF 
(see Note B) 


~ 
14- ~5ns 
Y 


:90% 
1.5 V 
10% 
I 


~ 
40l1s 


--+I 
14- ~ 10 ns 


~ 


I------------ 
90% 
I 


1.5 V 


I 
10% 
OV 
~ 


VIH 
(see Note C) 


,,-----------~------- 


NOTES: 
A. 
The pulse generator has the following characteristics: 
PRR = 12.5 kHz, Zo = 50 Q. 
B. 
CL includes probe and jig capacitance. 
C. 
For testing the '468, VIH = 3 V; for the '469, VIH = 8 V. 
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COLLECTOR-EMITTER 
SATURATION VOLTAGE 
vs 
COLLECTOR 
CURRENT 
(ONE DARLINGTON) 


> 
2.5 
I 
G> 
2.25 
Cl~ 
~ 
2 
c0 
1.75 
~= 
1.5 
'Iii 
Ul 


1 
TA=25°C 


II = 250 mA 


~ 
II = 350 mA 


~ 
~ 
I) = 500 mA - 


~ 
'Y 


~ ~ 
17 


~ 
1.25 


Ew.:.j 
0.75 
8 
0.5 
I 
~ 
0.25 
"'W 


~ 
00 
100 
200 
300 
400 
500 
600 
700 
800 


IC - Collector Current - mA 


Figure 11 


COLLECTOR-EMITTER 
SATURATION VOLTAGE 
vs 
COLLECTOR CURRENT 
(TWO DARLINGTONS 
PARALLELED) 
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IC(tot) - Total Collector Current - mA 


Figure 12 


COLLECTOR 
CURRENT 
vs 
INPUT CURRENT 
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o PACKAGE 
MAXIMUM COLLECTOR CURRENT 
vs 
DUTY CYCLE 


N=6 
N=7 


N=5 
I 
TA=70°C 


N = Number of Outputs 
Conducting 
Simultaneously 


10 
20 
30 
40 
50 
60 
70 
80 
90 
100 


Duty Cycle - % 


N PACKAGE 
MAXIMUM COLLECTOR CURRENT 
vs 
DUTY CYCLE 


oC( 
E 
I 
C 
~ 
::s 
()~j 
8 
E 
::s 
E 
.;:c 
to:; 
1> 
100 
TA = 70°C 


N = Number of Outputs 
Conducting 
Simultaneously 


500 


400 


300 
N=5 
N=6 
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Figure 18. Use of Pullup Resistors to 
Increase Drive Current 
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PERIPHERAL 
DRIVERS 
FOR 
HIGH-VOLTAGE 
HIGH-CURRENT 
DRIVER 
APPLICATIONS 


D OR P PACKAGE 
(TOP VIEW) 
1A[]8 
VCC 
1B 
2 
7 
2B 


1Y 
3 
6 
2A 
GND 
4 
5 
2Y 


• 
Characterized for Use to 300 mA 


• 
High-Voltage Outputs 
• 
No Output Latch-Up at 55 V (After 
Conducting 300 mAl 


• 
Medium-Speed Switching 


• 
Circuit Flexibility for Varied Applications 
and Choice of Logic Function 


• 
TIL-Compatible 
Diode-Clamped Inputs 


• 
Standard Supply Voltages 


• 
Plastic DIP (P) With Copper Lead Frame 
Provides Cooler Operation and Improved 
Reliability 


description 


Series SN75471 dual peripheral drivers are functionally interchangeable with series SN75451 B and series 
SN75461 peripheral drivers, but are designed for use in systems that require higher breakdown voltages than 
either of those series can provide at the expense of slightly slower switching speeds than series 75451 B (limits 
are the same as series SN75461). Typical applications include high-speed logic buffers, power drivers, relay 
drivers, lamp drivers, MOS drivers, line drivers, and memory drivers. 


DEVICE 
LOGIC OF 
PACKAGES 
COMPLETE 
CIRCUIT 


SN75471 
AND 
D,P 
SN75472 
NAND 
D,P 
SN75473 
OR 
D,P 


The SN75471, SN75472, and SN75473 are dual peripheral AND, NAND, and OR drivers, respectively, 
(assuming positive logic), with the output of the logic gates internally connected to the bases of the npn output 
transistors. 


Series SN75471 drivers are characterized for operation from aoe to 7aoe. 


PRODUCTION 
DATA 
InfonnatJon II current 
•• 
of publication 
date. 


Products 
conform 
to speeifteations 
per the term, 
of Texu Instruments 
standard 
warranty. 
Production 
processing 
does 
not necessarily 
include 
testing 
of all parameters. 
~TEXAS 
INSTRUMENTS 
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absolute 
maximum 
ratings over operating 
free-air temperature 
range (unless otherwise 
noted) 


Supply 
voltage, 
Vcc 
(see Note 1) 
7 V 
Input voltage, 
VI 
5.5 V 
Inter-emitter 
voltage 
(see Note 2) 
5.5 V 
Off-state 
output 
voltage, 
Vo 
70 V 
Continuous 
collector 
or output 
current 
(see Note 3) 
400 mA 
Peak collector 
or output 
current 
(tw .,; 10 ms, duty cycle.,; 
50%, see Note 3) 
500 mA 
Continuous 
total power dissipation 
See Dissipation 
Rating Table 
Operating 
free-air 
temperature 
range, TA 
O°C to 70°C 
Storage 
temperature 
range, Tstg 
-65°C 
to 150°C 
Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


NOTES: 
1. 
Voltage values are with respect to the network GND, unless otherwise specified. 


2. 
This is the voltage between two emitters, A and B. 


3. 
Both halves of these dual circuits may conduct rated current simultaneously; 
however, power dissipation averaged over a short time 
interval must fall within the continuous 
dissipation rating. 


DISSIPATION RATING TABLE 


PACKAGE 
TA'; 25°C 
DERATING FACTOR 
TA = 70°C 
POWER RATING 
ABOVE TA = 25°C 
POWER RATING 


D 
725mW 
5.8 mW/oC 
464mW 


p 
1000mW 
8.0mW/oC 
640mW 


MIN 
NOM 
MAX 
UNIT 


Supply voltage, VCC 
4.75 
5 
5.25 
V 


High-level input voltage, VIH 
2 
V 


Low-level input voltage, VIL 
0.8 
V 


Operating free-air temperature, 
TA 
0 
70 
°C 
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SN75471 
logic diagram 
(positive 
logic) 


tThis 
symbol is in accordance with ANSI/IEEE 
Std 91-1984 


and IEC Publication 617-12. 


SN75471 FUNCTION TABLE 
(each driver) 


A 
B 
Y 


L 
L 
L (on state) 


L 
H 
L (on state) 


H 
L 
L (on state) 


H 
H 
H (off state) 


SN75471 
PARAMETER 
TEST CONDITIONS 
TYP* 
UNIT 
MIN 
MAX 


VIK 
Input clamp voltage 
VCC = 4.75 V, 
11=-12mA 
-1.2 
-1.5 
V 


10H 
High-level output current 
VCC = 4.75 V, 
VIH =2V, 
VOH =70V 
100 
j.lA 


VCC =4.75 
V, 
VIL = 0.8 V, 
10L= 100mA 
0.25 
0.4 
VOL 
Low-level output voltage 
V 
VCC = 4.75 V, 
VIL= 0.8 V, 
10L= 300mA 
0.5 
0.7 


II 
Input current at maximum input voltage 
VCC = 5.25 V, 
VI =5.5 V 
1 
mA 


IIH 
High-level input current 
VCC = 5.25 V, 
VI = 2.4 V 
40 
j.iA 


IlL 
Low-level input current 
VCC = 5.25 V, 
VI = 0.4 V 
-1 
-1.6 
mA 


ICCH 
Supply current, outputs high 
VCC = 5.25 V, 
VI =5V 
7 
11 
mA 


ICCL 
Supply current, outputs low 
VCC = 5.25 V, 
VI =0 
52 
65 
mA 


SN75471 
PARAMETER 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


tPLH 
Propagation 
delay time, low-to-high-Ievel 
output 
30 
55 


tpHL 
Propagation 
delay time, high-to-Iow-Ievel 
output 
10=200 
mA, 
CL = 15 pF, 
25 
40 
ns 
trLH 
Transition time, low-to-high-Ievel 
output 
RL = 50 n. 
See Figure 1 
8 
20 


trHL 
Transition time, high-to-Iow-Ievel 
output 
10 
20 


VOH 
High-level output voltage after switching 
Vs =55 V, 
10=300 
mA, 
VS-18 
mV 
See Figure 2 


'!!J TEXAS 
INSTRUMENTS 


SN75471 THRU SN75473 
DUAL PERIPHERAL DRIVERS 


SN75472 
logic diagram 
(positive 
logic) 


tThis 
symbol is in accordance 
with ANSI/IEEE 
Std 91-1984 
and IEC Publication 617-12. 


SN75472 FUNCTION TABLE 
(each driver) 


A 
B 
Y 


L 
L 
H (off state) 


L 
H 
H (off state) 


H 
L 
H (off state) 


H 
H 
L (on state) 


1.6kQ 
1.6kQ 


SN75472 
PARAMETER 
TEST CONDITIONS 
TYp:j: 
UNIT 
MIN 
MAX 


VIK 
Input clamp voltage 
VCC =4.75 
V, 
11=-12mA 
-1.2 
-1.5 
V 


10H 
High-level output current 
VCC = 4.75 V, 
VIH =2 V, 
VOH=70V 
100 
~ 


VCC =4.75 
V, 
VIL= 0.8 V, 
10L= 100 mA 
0.25 
0.4 
VOL 
Low-level output voltage 
V 
VCC = 4.75 V, 
VIL= 0.8 V, 
IOL=300 
mA 
0.5 
0.7 


I) 
Input current at maximum input voltage 
VCC=5.25 
V, 
VI = 5.5 V 
1 
mA 


IIH 
High-level input current 
Vcc 
= 5.25 V, 
VI = 2.4 V 
., 
40 
!LA 


IlL 
Low-level input current 
Vcc 
= 5.25 V, 
VI = 0.4 V 
-1 
-1.6 
mA 


ICCH 
Supply current, outputs high 
VCC = 5.25 V, 
VI =5V 
13 
17 
mA 


'CCL 
Supply current, outputs low 
VCC = 5.25 V, 
VI =0 
61 
76 
mA 


SN75472 
PARAMETER 
TEST CONDITIONS 
UNIT 
MfN 
TYP 
MAX 


tPLH 
Propagation delay time, low-to-high-Ievel 
output 
45 
65 


tpHL 
Propagation delay time, high-to-Iow-Ievel 
output 
10=200 
mA, 
CL= 
15 pF, 
30 
50 
ns 
tTLH 
Transition time, low-to-high-Ievel 
output 
RL=50Q, 
See Figure 1 
13 
25 


lTHL 
Transition time, high-to-Iow-Ievel 
output 
10 
20 


VOH 
High-level output voltage after switching 
VS=55 
V, 
10=300 
mA, 
VS-18 
mV 
See Figure 2 


~TEXAS 
INSTRUMENTS 


SN75471 THRU SN75473 
DUAL PERIPHERAL DRIVERS 


SN75473 
logic diagram 
(positive 
logic) 


tThis 
symbol is in accordance 
with ANSI/IEEE 
Std 91-1984 
and IEC Publication 617-12. 


SN75473 FUNCTION TABLE 
(each driver) 


A 
B 
Y 


l 
l 
l (on state) 


l 
H 
H (off state) 


H 
l 
H (off state) 


H 
H 
H (off state) 


SN75473 
PARAMETER 
TEST CONDITIONS 
TYP* 
UNIT 
MIN 
MAX 


VIK 
Input clamp voltage 
VCC =4.75 
V, 
'1=-12mA 
-1.2 
-1.5 
V 


10H 
High-level output current 
VCC = 4.75 V, 
VIH =2V, 
VOH=70V 
100 
~ 


VOL 
VCC =4.75 
V, 
Vll=0.8V, 
10l= 
100 mA 
0.25 
0.4 
low-level 
output voltage 
V 
VCC =4.75 
V, 
Vil 
= 0.8 V, 
IOl=300 
mA 
0.5 
0.7 


II 
Input current at maximum input voltage 
VCC =5.25 
V, 
VI = 5.5 V 
1 
mA 


IIH 
High-level input current 
VCC = 5.25 V, 
VI =2.4 V 
40 
vA 


III 
low-level 
input current 
VCC =5.25 
V, 
VI = 0.4 V 
-1 
-1.6 
mA 


ICCH 
Supply current, outputs high 
VCC = 5.25 V, 
VI=5V 
8 
11 
mA 


'CCl 
Supply current, outputs low 
VCC = 5.25 V, 
VI=O 
58 
76 
mA 


PARAMETER 
SN75473 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


tplH 
Propagation delay time, low-to-high-Ievel 
output 
30 
55 


tpHl 
Propagation delay time, high-to-Iow-Ievel 
output 
10 =200 mA, 
Cl = 15 pF, 
25 
40 


trlH 
Transition time, low-to-high-Ievel 
output 
Rl=50n, 
See Figure 1 
ns 
8 
25 


trHl 
Transition time, high-to-Iow-Ievel 
output 
10 
25 


VOH 
High-level output voltage after switching 
Vs = 55 V, 
10= 300mA, 
VS-18 
mV 
See Figure 2 
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INSTRUMENTS 


SN75471 THRU SN75473 
DUAL PERIPHERAL DRIVERS 


Input 
2.4 V 
10V 
S; 5 ns--l 


RL=50Q 


Pulse 
Output 


Generator 
(see Note A) 
Circuit 
Under 
Test 


Input 
r""~ 


'472 
GND I SUB 
(see Note B) 


I-.L 


0.4 V 
.,,- 
.,,- 
.,,- 
.,,- 
90% 


10% 
14- tPLH 
I 
I 


OV 


VOH 


14- tTHL 
--.I 


VOLTAGE WAVEFORMS 


NOTES: 
A. 
The pulse generator has the following characteristics: 
PRR s; 1 MHz, Zo = 50 Q. 


B. 
CL includes probe and jig capacitance. 


Pulse 
Generator 
(see Note A) 


OV 


VOH 


Input 
'472 
Circuit 
Under 
Test 


GND I SUB 


I-.L 


]L=15PF 
l(see 
Note B) 


NOTES: 
A. 
The pulse generator has the following characteristics: 
PRR s; 12.5 kHz, Zo = 50 Q. 
B. 
CL includes probe and jig capacitance. 


~TEXAS 
INSTRUMENTS 


• 
Characterized 
for Use to 300 mA 


• 
No Output Latch-Up at 55 V (After 
Conducting 
300 mA) 


• 
High-Voltage Outputs (100 V Typ) 


• 
Output Clamp Diodes for Transient 
Suppression 
(300 mA, 70 V) 


• TTL- or MOS-Compatible 
Diode-Clamped 
Inputs 


• 
pnp Transistor 
Inputs Reduce Input Current 


• 
Standard Supply Voltage 
• 
Suitable for Hammer-Driver 
Applications 


• 
Plastic DIP (P) With Copper-Lead 
Frame 
Provides Cooler Operation and Improved 
Reliability 


description 


The 
SN75476 
through 
SN75478 
are 
dual 
peripheral drivers designed for use in systems that 
require 
high 
current, 
high voltage, 
and fast 
switching times. The SN75476, SN75477, and 
SN75478 provide AND, NAND, and OR drivers 
respectively. These devices have diode-clamped 
inputs as well as high-current, high-voltage clamp 
diodes on the outputs for inductive transient 
protection. 


The SN75476, SN75477, and SN75478 drivers 
are characterized for operation from O°C to 70°C. 


EOUIVALENT 
OF EACH INPUT 
TYPICAL 
OF ALL OUTPUTS 


CLAMP 


SN75476 THRU SN75478 
DUAL PERIPHERAL DRIVERS 


D OR P PACKAGE 
(TOP VIEW) 
sO 
a 
Vcc 
1A 
2 
7 
2A 
1Y 
3 
6 
2Y 
GND 
4 
5 
CLAMP 


Function Tables 


SN75476 
(each AND driver) 


INPUTS 
OUTPUT 


A 
S 
y 


H 
H 
H 
L 
X 
L 


X 
L 
L 


SN754n 
(each NAND driver) 


INPUTS 
OUTPUT 


A 
S 
y 


H 
H 
L 
L 
X 
H 


X 
L 
H 


SN75478 
(each OR driver) 


INPUTS 
OUTPUT 


A 
S 
y 


H 
X 
H 


X 
H 
H 
L 
L 
L 
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INSTRUMENTS 


SN75476 THRU SN75478 
DUAL PERIPHERAL DRIVERS 


SLRS025A- DECEMBER1976- REVISEDNOVEMBER1995 


logic symbolst 
logic diagrams (positive logic) 


SN75476 
SN75476 
3 
1Y 
2 
&[> 
3 
1A 
1A 
Q 
1Y 


CLAMP 
S 
6 
S 
6 
2Y 
2Y 
7 
5 
2A 
CLAMP 
2A 
5 
CLAMP 


4 
GND 


Positive 
Logic: 
Y = AS or A+S 


SN754n 
SN754n 
3 
1Y 
2 
&[> 
3 
1A 


1A 
Q 
1Y 


CLAMP 
S 
6 
S 
6 
2Y 
2Y 
7 
5 
2A 
CLAMP 
2A 
5 
CLAMP 


4 
GND 


Positive 
Logic: 
Y = AS or A+S 


SN75478 
SN75478 
3 
2 
3 
1A 
1Y 


1A 
2:1 [> 
Q 
1Y 


CLAMP 
S 
6 
S 
6 
2Y 
2Y 
7 
5 
2A 
CLAMP 
2A 
5 
CLAMP 


4 
GND 


tThese 
symbols are in accordance with ANSVIEEE Std 91-1984 
Positive 
Logic: 
Y = A+S or AS 


and lEe publication 617-12. 
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SN75476 THRU SN75478 
DUAL PERIPHERAL DRIVERS 


absolute 
maximum 
ratings over operating 
free-air temperature 
range (unless 
otherwise 
noted) 


Supply 
voltage, 
Vcc (see Note 1) 
7 V 
Input voltage, 
VI 
5.5 V 
Continuous 
output 
current 
(see Note 2) 
400 mA 
Peak output 
current: 
tw s; 10 ms, duty cycle s; 50% 
500 mA 
tw s; 30 ns, duty cycle s; 0.002% 
3 A 
Output 
clamp current, 
10K 
400 mA 
Continuous 
total power 
dissipation 
See Dissipation 
Rating Table 
Operating 
free-air 
temperature 
range, TA 
O°C to 70°C 
Storage 
temperature 
range, Tstg 
-65°C 
to 150°C 
Lead temperature 
1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


NOTES: 
1. 
Voltage values are with respect to network GND. 


2. 
Both halves of this dual circuit may conduct rated current simultaneously; 
however, power dissipation averaged over a short time 
interval must fall within the continuous 
power dissipation 
ratings. 


DISSIPATION RATING TABLE 


TA" 
25°C 
DERATING FACTOR 
POWER RATING 
ABOVE TA = 25°C 


725 mW 
5.8 mW/"C 


1000 mW 
8.0 mW/oC 


TA=70°C 
POWER RATING 


464mW 


640mW 


MIN 
NOM 
MAX 
UNIT 


Supply voltage, VCC 
4.5 
5 
5.5 
V 


High-level input voltage, VIH 
2 
V 


Low-level input voltage, VIL 
0.8 
V 


Operating free-air temperature, 
TA 
0 
70 
°C 


~TEXAS 
INSTRUMENTS 


SN75476 THRU SN75478 
DUAL PERIPHERAL DRIVERS 


PARAMETER 
TEST CONDITIONS 
MIN 
TYpt 
MAX 
UNIT 


VIK 
Input clamp voltage 
11=-12mA 
-0.95 
-1.5 
V 


VCC = 4.5 V, 
10L = 100 mA 
0.16 
0.3 


VOL 
Low-level output voltage 
VIH =2V, 
10L = 175 mA 
0.22 
0.5 
V 
VIL = 0.8 V 
IOL=300mA 
0.33 
0.6 


VO(BR) 
Output breakdown voltage 
VCC =4.5 V, 
IOH=1OO~ 
70 
100 
V 


VR(K) 
Output clamp reverse voltage 
VCC=4.5 
V, 
IR=100~ 
70 
100 
V 


VF(K) 
Output clamp forward voltage 
VCC =4.5 V, 
IF = 300 mA 
0.8 
1.15 
1.6 
V 


10H 
High-level output current 
VCC =4.5V, 
VIH = 2 V, 
1 
100 
~ 
VIL = 0.8 V, 
VOH=70V 


IIH 
High-level input current 
VCC =5.5 V, 
VI =5.5V 
0.01 
10 
~ 


A input 
-80 
-110 
IlL 
Low-level inpu1 current 
S input 
VCC =5.5 V, 
VI = 0.8 V 
-160 
-220 
~ 


SN75476 
VI=5V 
10 
17 


tCCH 
Supply current, outputs high 
SN75477 
VCC=5.5 
V 
VI=O 
10 
17 
mA 


SN75478 
VI=5V 
10 
17 


SN75476 
VI=O 
54 
75 


ICCL 
Supply current, outputs low 
SN75477 
VCC = 5.5 V 
VI=5V 
54 
75 
mA 


SN75478 
VI =0 
54 
75 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tpLH 
Propagation delay time, low-to-high-Ievel 
output 
200 
350 
ns 


tpHL 
Propagation delay time, high-to-Iow-Ievel 
output 
CL = 15 pF, 
RL = 100 Q, 
200 
350 
ns 


lTLH 
Transition time, low-to-high-Ievel 
output 
See Figure 1 
50 
125 
ns 


lTHL 
Transition time, high-to-Iow-Ievel 
output 
90 
125 
ns 


VOH 
High-level output voltage after switching 
VS=55 
V, 
10=300 
mA, 
VS-18 
mV 
See Figure 2 


~TEXAS 
INSTRUMENTS 


SN75476 THRU SN75478 
DUAL PERIPHERAL DRIVERS 


Pulse 
Generator 
(see Note A) 


Vcc 


r-L----------, 
I 
I 
I 
I 
I 
II 


II 
Circuit 
I 


Under 
I 
I 
Test 
I 
I 
I 
I 
I 
I 
I 
L.________ 
_.J 


CL=15pF 
(see Note B) 


~ 
S5ns 
~ 
S10ns 


~ 


.7V 
I 
: 
v: 
2.7V 
1.5V 
I 
I 
1.5V 


I 
_._0_.7_V 
0_.7_V 
__ 
- 
- 
- 
- 
- 
- 
0 V 


1.1 
5~ 
~ 
II 14- S5ns 
--.I I 14- S10ns 
l-1------3V 
I 
2.7V 
I I 


1.5 V 


I 
I 
I4-+t- 
tTHL 


NOTES: 
A. 
The pulse generator has the following characteristics: 
PRR = 100 kHz, Zo = 50 Q. 


B. 
CL includes probe and jig capacitance. 
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SN75476 THRU SN75478 
DUAL PERIPHERAL DRIVERS 


Pulse 
A 
Generator 
(see Note A) 
Circuit 


S 
Under 
Test 


GND 


0.4 V 
-=- 


TEST CIRCUIT 


I4-*- 
~5 ns 


I 
I 


SN75476 
I 


SN75478 
Input 
I 


CL = 15 pF 
(see Note B) 


~ 
~10ns 


I 
3V 


I 
90% 


I 
1.5 V 


I 
10% 


I 
"'-I 


~ 
i 14- ~5ns 


I 
90% 
I 


I~ 
~ 
I j4- 
~10ns 


90% 
,----- 
3V 
I 


\ 
r_ 
::: 


NOTES: 
A. 
The pulse generator has the following characteristics: 
PRR = 12.5 kHz, Zo = 50 Q. 


B. 
CL includes probe and jig capacitance. 
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ULN2001A THRU ULN2004A 
DARLINGTON TRANSISTOR ARRAYS 


• 500-mA Rated Collector Current 
(Single Output) 


• 
High-Voltage Outputs ... 50 V 


• 
Output Clamp Diodes 
• 
Inputs Compatible With Various Types of 
Logic 


• 
Relay Driver Applications 
• 
Designed to Be Interchangeable With 
Sprague ULN2001A Series 


description 


The ULN2001A, 
ULN2002A, 
ULN2003A, 
and ULN2004A 
are monolithic 
high-voltage, 
high-current 
Darlington 
transistor 
arrays. 
Each 
consists 
of 
seven 
npn 
Darlington 
pairs 
that 
feature 
high-voltage 
outputs 
with 
common-cathode 
clamp diodes for switching 
inductive 
loads. The collector-current 
rating of a single Darlington 
pair is 500 mA. The Darlington 
pairs may be paralleled 
for higher current 
capability. 
Applications 
include 
relay 
drivers, 
hammer 
drivers, 
lamp drivers, 
display 
drivers 
(LED and gas discharge), 
line drivers, 
and logic buffers. 


The ULN2001 A is a general-purpose 
array and can be used with TTL and CMOS technologies. 
The ULN2002A 
is specifically 
designed 
for use with 14- to 25-V PMOS devices. 
Each input of this device 
has a zener diode and 
resistor 
in series to control 
the input current 
to a safe limit. The ULN2003A 
has a 2.7-kQ 
series 
base resistor 
for each 
Darlington 
pair for operation 
directly 
with TTL or 5-V CMOS 
devices. 
The ULN2004A 
has a 10.5-kQ 
~eries base resistor to allow its operation 
directly 
from CMOS devices 
that use supply voltages 
of 6 to 15 V. The 
required 
input current 
of the ULN2004A 
is below that of the ULN2003A, 
and the required 
voltage 
is less than 
that required 
by the ULN2002A. 


o OR N PACKAGE 
{TOP VIEW) 


18 
1 U 16 
1C 
28 
2 
15 
2C 
38 
3 
14 
3C 
48 
4 
13 
4C 
58 
5 
12 
5C 
68 
6 
11 6C 
78 
7 
10 
7C 
E 
8 
9 
COM 


logic symbolt 
logic diagram 


9 
9 
COM 
COM 
16 
16 
18 
1C 


18 
I> 
Q 
1C 
2 
15 
15 
28 
2C 
3 
14 
28 
2C 
38 
3C 
4 
13 
14 
48 
4C 
38 
3C 
5 
12 
58 
5C 
6 
11 
13 
68 
6C 
48 
4C 
7 
10 
78 
7C 
12 
tThis 
symbol is in accordance 
with ANSI/IEEE 
Std 91-1984 
58 
5C 


and lEG Publication 617-12. 
11 
68 
6C 


10 
78 
7C 
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ULN2001 A THRU ULN2004A 
DARLINGTON TRANSISTOR ARRAYS 


ULN2003A: RB = 2.7 kn 
ULN2004A: RB = 10.5 kn 


absolute maximum ratings at 25°Cfree-air temperature (unless otherwise noted) 


Collector-emitter voltage 
50 V 
Input voltage, VI (see Note 1) 
30 V 
Peak collector current (see Figures 14 and 15) 
500 mA 
Output clamp current, 10K 
500 mA 
Total emitter-terminal current 
-2.5 A 
Continuous total power dissipation 
See Dissipation Rating Table 
Operating free-air temperature range, TA 
-20°C to 85°C 
Storage temperature range, Tstg 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


NOTE 1: 
All voltage values are with respect to the emitter/substrate 
terminal E, unless otherwise noted. 


DISSIPATION RATING TABLE 


TA = 25°C 
DERATING FACTOR 
POWER RATING 
ABOVE TA = 25°C 


950mW 


1150mW 


7.6 mW/oC 


9.2 mWfOC 


TA = 85°C 
POWER RATING 


494mW 


598mW 
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ULN2001A THRU ULN2004A 
DARLINGTON TRANSISTOR ARRAYS 


TEST 
ULN2001A 
ULN2002A 
PARAMETER 
FIGURE 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vllon) 
On-state input voltage 
6 
VCE=2V. 
IC =300 
mA 
13 
V 


II = 250 llA. 
IC=100mA 
0.9 
1.1 
0.9 
1.1 


VCE(sat) 
Collector-emitter 
5 
II = 350 llA. 
IC =200 
mA 
1 
1.3 
1 
1.3 
V 
saturation voltage 
11=500 llA, 
IC =350 
mA 
1.2 
1.6 
1.2 
1.6 


VF 
Clamp forward voltage 
8 
IF = 350 mA 
1.7 
2 
1.7 
2 
V 


VCE=50V, 
II =0 
50 
50 
1 
III =0 
ICEX 
Collector cutoff current 
VCE=50V, 
100 
100 
llA 


2 
TA = 70°C 
IVI=6V 
500 


II(off) 
Off-state input current 
3 
VCE = 50 V, 
IC = 500 llA, 
50 
65 
50 
65 
llA 
TA = 70°C 


II 
Input current 
4 
VI= 
17V 
0.82 
1.25 
mA 


VR =50V. 
TA = 70°C 
100 
100 
IR 
Clamp reverse current 
7 
llA 
VR =50V 
50 
50 


hFE 
Static forward current 
5 
VCE=2V. 
IC =350 
mA 
1000 
transfer ratio 


Ci 
Input capacitance 
VI=O. 
f= 1 MHz 
15 
25 
15 
25 
pF 


TEST 
ULN2003A 
ULN2004A 
PARAMETER 
FIGURE 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


IC= 125 mA 
5 


IC = 200 mA 
2.4 
6 


IC = 250 mA 
2.7 
VI(on) 
On-state input voltage 
6 
VCE=2 
V 
V 
IC=275 
mA 
7 


IC = 300 mA 
3 


IC= 350mA 
8 


II = 250 llA, 
Ic=100mA 
0.9 
1.1 
0.9 
1.1 


VCE(sat) 
Collector-emitter 
5 
II = 350 JlA, 
IC =200 
mA 
1 
1.3 
1 
1.3 
V 
saturation voltage 
11=500 JlA, 
IC =350 
mA 
1.2 
1.6 
1.2 
1.6 


VCE=50V. 
II =0 
50 
50 
1 
ICEX 
Collector cutoff current 
VCE = 50 V. 
II =0 
100 
100 
llA 


2 
TA = 70°C 
VI = 1 V 
500 


VF 
Clamp forward voltage 
8 
IF= 350mA 
1.7 
2 
1.7 
2 
V 


II(off) 
Off-state input current 
3 
VCE=50V, 
IC = 500 JlA. 
50 
65 
50 
65 
llA 
TA = 70°C 


VI =3.85 
V 
0.93 
1.35 


II 
Input current 
4 
VI=5V 
0.35 
0.5 
mA 


VI= 12V 
1 
1.45 


IR 
Clamp reverse current 
VR = 50V 
50 
50 
7 
llA 
VR = 50 V, 
TA = 70°C 
100 
100 


Ci 
Input capacitance 
VI =0, 
f= 1 MHz 
15 
25 
15 
25 
pF 
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ULN2001A THRU ULN2004A 
DARLINGTON TRANSISTOR ARRAYS 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tpLH 
Propagation delay time, low-to-high-Ievel 
output 
0.25 
1 
~ 


tpHL 
Propagation delay time, high-to-Iow-Ievel 
output 
See Figure 9 
0.25 
1 
Ils 


VOH 
High-level output voltage after switching 
VS=50V, 
10=300 
mA. 
See Figure 10 
VS-20 
mV 


~C, 
v,~C' 


Open 


II(O~"""'" * 


VI~open 


NOTE: 
II is fixed for measuring VCE(sat). variable for measuring hFE. 


Figure 
5. hFE. VCE(sat) Test Circuit 
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InputJO% 
50%~ 
1 
1----- 


1..- tpHL -+J 
1..- tpLH -+I 


~_0_% 
5_00_YY- 


ULN2001A only 
2.7kn 
-JWv-i 


Open 
2 mH 
1N3064 


ULN2002A 
ULN2003A 
ULN2004A 


Output 


CL=15pF 
(see Note B) 


--.l 
1+-" 5 ns 
W 


i 90% 
I 
1.5 V 
10% 
I 
i4 
40llS 


---./i£t-" ~O-':S_- - - - - -- 
90% 
I 


1.5 V 
I 
I 
10% 
---~~_ 
OV 


VIH 
(see Note C) 


,,-----------~------- 


NOTES: 
A. 
The pulse generator has the following characteristics: 
PRR = 12.5 kHz, Zo = 50 n. 


B. 
CL includes probe and jig capacitance. 


C. 
For testing the ULN2001 A and the ULN2003A, VIH = 3 V; for the ULN2002A, VIH = 13 V; for the ULN2004A, 
VIH = B V. 
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COLLECTOR·EMITTER 
COLLECTOR·EMITTER 
SATURATION VOLTAGE 
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vs 
vs 
COLLECTOR CURRENT 
TOTAL COLLECTOR 
CURRENT 
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(TWO DARLINGTONS 
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Figure 12 
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Figure 13 
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DPACKAGE 
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Figure 19. Use of Pullup Resistors to 


Increase Drive Current 


~TEXAS 
INSTRUMENTS 


General Information 


Power+ ™ 
Products 


Peripheral Driversl Actuators 


Applications 


Mechanical Data 


Contents 
Page 


Power Systems 
4-3 
TPIC6595 Power+ Logic™ Eight-Bit Shift Register With 
Low-Side Power DMOS Switches 
4-43 
DC Brush Motor Control Using the TPIC2101 
4--71 
Bidirectional 
Motor Drive Using the TPIC5201 
4-77 
Bidirectional 
DC Brush Motor Control Using the TPIC5404 
4-83 
» 
Four-Wire 16-Lamp Remote Power and Brightness Control 
"C 
With Power+ Logic™ 
4-89 
"C-_. 
(') 
S»•••_.o 
~t/) 


Power System 


~TEXAS 
INSTRUMENTS 


INTRODUCTION 
4-7 


OUTPUT SYSTEM DESIGN 
4-8 
Selection of a Load Device 
4-8 
Interface Circuit Requirements 
4-9 
Determine Total Energy 
4-10 
Energy and Power Calculations 
for an Inductive Load 
4-11 
Thermal Considerations 
4-14 
Heat Sink Requirement 
4-15 
Conclusion 
4-16 


STEPPERMOTORAPPLICATION 
4-18 
Load Description 
4-18 


Energy Calculations 
4-18 
Choosing an Interface Circuit 
4-19 
Benefits of Choosing Power+ Logic 
4-21 


BIDIRECTIONALMOTORDRIVEAPPLICATION 
4-27 
Motor Operation 
4-27 
System Power Considerations 
4-29 
Choosing an Output Switch 
4-30 
Predrive Circuit 
4-30 
Advantages 
Over Discrete Transistors 
4-31 


SOLENOID 
APPLICATION 
4-33 


Choosing an Interface Device 
4-33 


Power and Energy Calculation 
4-35 


POWER+ PRODUCT 
SUMMARY 
4-37 


Figure 
Page 


1. 
Output Section 
4-7 
2. 
Generic Output Systems 
4-8 
3. 
Inductive Load Switch Requirements 
4-9 
4. 
Switching Load Currents 
4-10 
5. 
Thermal Considerations for Power Switches 
4-14 
6. 
Power+ Arrays Thermal Impedance Characteristics 
4-16 


7. 
Output Switch Design Flow 
: 
4-17 
8. 
Stepper Motor Application 
4-18 
9. 
Stepper Motor Timing Waveforms 
4-19 
10. 
TPIC6595 Synchronous Rectification Characteristics 
4-20 
11. 
Power+ Logic Output Structure 
4-21 
12. 
Power+ Logic Versus Bipolar Output Energy 
4-22 
13. 
Power+ Logic Features Low Quiescent Current 
4-25 
14. 
Layout Precautions for the TPIC6595 
4-26 
15. 
Bidirectional DC Motor Application 
4-27 
16. 
DC Motor Operation 
4-28 
17. 
DC Motor and H-Bridge Currents 
4-29 
18. 
TPIC5201 Power+ Array 
4-30 
19. 
Predrive Circuit Detail 
4-32 
20. 
Solenoid High-Side Application 
4-33 


21. 
Solenoid Voltage and Current 
4-34 


22. 
Closing the Loop 
4-36 


23. 
Power+ Arrays On-Resistance Characteristics 
4-39 
24. 
Power+ Logic Output Characteristics 
4-40 


25. 
Power+ Arrays SOA Characteristics 
4-41 


List of Tables 
Table 
Page 


1. 
Select a Load 
4-8 
2. 
Undamped Inductive Switching Test Data 
4-23 
3. 
Power+ Arrays Key Comparisons 
4-37 
4. 
Power+ Logic Key Comparisons 
4-37 
5. 
Power+ Control Key Comparisons 
4-38 


The output section of a control system serves as the interface between electrical control signals and the real 
world. The end product of the output section is the control of a real-world function such as motion, light, 
sound, or any number of other physical actions. Control systems vary greatly in their complexity 
from 
controlling 
a simple single action to complex interactive 
systems with multiple feedback 
signals, fault 
isolation, 
and adaptive 
software. 
Regardless 
of the system complexity, 
an output system is normally 
employed to complete the interface between the control system and the real world (see Figure 1). 


Signal 
Conditioning 
Digital 
Processing 


Figure 2 represents a generalized 
output system consisting of a controller, an interface circuit, and a load. 


The design problem addressed is controlling 
the operation of a load with a small signal. Several typical 
loads such as motors, solenoids, speakers, and lamps are shown. For most of the loads, several signal paths 
exist from the controller through the interface circuits; each path represents a solution to one specific design 
problem. Although multiple solutions exist, they may not all be the best solution. The next section discusses 
the methodology 
for designing an output system that is well suited for a particular application. 


Incandescent 
Lamp 


Fluorescent 
Lamp 


Selection 
of a Load Device 


The first step is to select a load. Selecting the load involves defining the type of output energy needed, 
selecting the proper class of load, and selecting the correct size load. Table 1 depicts some energy types 
with the corresponding 
load and output parameters. 
A dc motor, for example, 
usually has an output 


specification 
that is in terms of torque at a given speed. Matching 
the mechanical 
requirements 
for a 
particular application is outside the scope of this discussion. Assume a suitable load can be selected. 


ENERGY 
OUTPUT 
LOAD 
LOAD OUTPUT 
SPECIFICATIONS 


Rotating 
Motion 
Continuous 
DC Motor 
HP - Torque - RPM 
Incremental 
Stepper 
Motor 
Torque - Step Speed 
Linear Motion 
Solenoid 
Ft-Lbs - Inches 
Light 
Incadescant 
Lamp 
Watts - Lumens 
Fluorescent 
Lamp 
Watts - Lumens 
Sound 
Loudspeaker 
Watts - Hertz 


The second step is evaluation 
of the input requirements 
for a particular load. Load input specifications 
address the voltage and current requirements 
during normal operation. Normal operation includes load 
switching (turn on, turn off, and accompanying 
transients). Often the behavior of a load during switching 
is not adequately specified and must be characterized for the specific application. Understanding 
load input 
requirements 
leads to the interface circuit requirements. 


Interface Circuit Requirements 


Assumed that the interface circuit is a switch, the following information can be used to select the correct 
switch. 


Motors, solenoids, lamps, and other assorted loads are generally specified by operating voltage and current 
with a specified power output. The information 
provided is sufficient for operating 
at continuous 
duty 
cycle; however, in most applications, 
the load is switched on and off. When switching loads, the operating 
requirements, 
as well as transient conditions, must be considered. The power requirements 
are often further 
influenced by dynamic operating conditions. 


Figure 3 shows an example of a load operating from a battery and controlled by a low-side switch. This 
helps to determine the need to design the switch and evaluate the system. 


I 
+-- 


Mechanical 
Energy 


Heat 


Return 
Energy 


• 
Current 
• 
Continuous 
• Turn-on 
• Turn-off 


• 
Continuous Source-Drain 
Current 


• 
Operating Voltage 


• 
Energy 
• 
Mechanical Output 
• 
Loss 
• 
Return Energy 
at Turn-Off 
=> 


• 
Continuous 
Power 
Dissipation at TA = 25°C 


• 
Single-Pulse Avalanche 
Energy, EAS 


Heat .-- 
I 
DMOS 
--- 
9.. Switch 
• 
Drain-Source Voltage, VDS 


• 
Drain-Source On-State 
Resistance, rDS(on) 


The system power supply and load choice determine: 


• 
Current drawn from the battery, including transients when the switch is turned on and off 
• 
Battery terminal voltage 
• 
Energy output from the load (motion, sound, etc.) 
• 
Energy dissipated from the load in the form of heat (IR loss, magnetic loss, friction) 
• 
Energy returned to system (inductive, regeneration, 
cross coupling) 


These system load requirements 
must then be used to determine the switch requirements: 


• 
Continuous 
source-drain 
current 
• 
Pulsed drain current 
• 
Continuous 
power dissipation at TA = 25°C 
• 
Single-pulse 
avalanche energy, EAS (energy returned to the device from back EMF) 
• 
Drain-source 
voltage, VDS 
• 
Drain-source 
on-state resistance, fDS(on) 


Selecting or designing a switch is a three-step process; determine the total energy, current, and voltage 
required, 
select a switching 
device 
that accommodates 
the energy, and evaluate 
the system 
power 
dissipation to determine any heat-sinking 
requirements. 


Determine 
Total Energy 


Determining 
the total energy begins with evaluating load current during operation and switching. Figure 
4 shows the current waveforms for an incandescent 
lamp, a solenoid, and a stepper motor. This diagram 
depicts steady-state and switching conditions, which must be considered in controlling 
a load. 


Incandecant 
Lamp 


Solenoid 
Armature 
Moved 


Cross-Coupled 
Current 


Stepper 
Motor 


Figure 4. Switching 
Load Currents 


The incandescent 
lamp current shows a high inrush value at turn on (ton)' decreasing to a steady current 
value; the current remains at this value until turn off (toff)' Upon toff, the current drops to zero. The high 
inrush is due to the difference in filament resistance when cold and hot. A lamp control switch needs to 
withstand high peak currents or limit the current until the lamp filament warms up. 


The solenoid current increases starting at ton and continues to increase until toff' Upon toff, the current 
steadily drops until tr. The change in current slope between ton and toffis caused by the solenoid armature 
moving closer to the coil and increasing the coil inductance. The current flow between toff and tr is a result 
of the magnetic field in the solenoid collapsing and returning energy to the system. A Solenoid switch must 
be capable 
of conducting 
the coil operating 
current 
and the system 
must 
provide 
a method 
for 
accommodating 
the energy returned to the system at turn off. Several methods are employed to deal with 
the returned energy. When this energy is dissipated in the switch, it is referred to as avalanche energy. 


The stepper motor exhibits an exponential 
current increase characteristic 
of an inductive load. Return 
energy is a factor in stepper motor control. Additionally, 
stepper motor windings can produce currents as 
a result of cross coupling from adjacent motor windings. A control circuit for a stepper motor, such as one 
depicted in Figure 4, must accommodate 
for the transient energy at turn on and the returned energy at turn 
off. 


Energy and Power Calculations 
for an Inductive 
Load 


Power-on time MOSFET dissipation 
_ 1 ( 2) 
Pon - 
3" 
Ip 
rDS(on) 
d 


LR> ton 
L 
Back EMF energy 


Power off dissipation 


Poff = ET f 


Total average switch power dissipation 


PT = (pon + Poff)n + P(quies) 


L 
Ip 
VeL 
Vss 
RL 
f 
d 
rDS(on) 
n 


P(quies) 
ton 


= Load inductance 
= Peak drain current 
= Max output clamp voltage 
= Load supply voltage 
= Inductor resistance 
= Switching frequency 
= Duty cycle (ratio) 
= Drain-to-source 
on-resistance 
= Total number of switches operating 
= Quiescent power dissipation of switch circuit 
= Switch on time 


During the power-on time, the inductor current approximates to a linear ramp assuming the inductor L/RL 
time constant is greater than the turn-on time (ton). This results in a mean square drain current of 1/3 Ip2 
with Ip equal to the peak drain current. Therefore, the average power dissipated in the output MOSFET 
(Pon) is equal to: 


pon(av) = ~. (1/). rDS(on)· 
d 


This assumption 
is applicable 
to the stepper motor waveform 
in Figure 4, but does not work for the 
solenoid. The solenoid time constant (LIRL) is less than ton; therefore, Pon is greater than that calculated 
above. 


When the output MOSFET is turned off, the back EMF generated by the inductor raises the drain voltage, 
which must be clamped either externally or internally. External clamping is normally accomplished 
with 
a snubber diode; internal clamping is also accomplished 
with a zener diode. The clamp voltage (VCL) is 
also called avalanche voltage. 


The equation to define avalanche energy is: 


This equation assumes a linear decay of the current in the inductor. A more accurate ET calculation can be 
accomplished 
by integrating the inductor current and clamp voltage in the load. The integration is taken 
from turn off (t1) until the inductor current decays to zero. The calculation is as follows: 


RL 
--t 
·e 
L 


The power dissipated during the turn-off period (Poff) can be equated to the product ofET and the frequency 
of switching. 


PT(av) = (poff + pon) . n + P(quies) 


This is the average power dissipation for multiple sections whose duty cycles have a fixed time relationship 
to each other. For multiple outputs with variable duty cycles, the power calculation becomes more difficult. 


Where: 


ET 
= Total turn-off transient energy absorbed 
f 
= Switching frequency 
d 
= Duty cycle 
L 
= Load inductance 
Ip 
= Peak output load current 
n 
= Number of output switches operating 
Poff 
= Turn-off power dissipation in each switch 
Pon 
= On-state power dissipation in each switch 
P(quies) = Interface device bias power dissipation 
PT(av) 
= Average total power dissipation 
RL 
= Resistance of inductor 
VCL 
= Clamp voltage 
Vss 
= Load supply voltage 


Thermal 
Considerations 


When the total power dissipation for the device is calculated, thermal evaluation can proceed. The objective 
is to determine if external heat sinking is required. Figure 5 shows a standard heat sink curve. 
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(TJ(max) - TA) 
P 
------ 
MAX - 
RaJA 


Thermal Resistance 
TrTA 
RaSA = -P- 
- IRaJc + Racsi 
T(av) 
Where: 


RaSA = Heat sink-to-ambient 
thermal resistance, °CIW 
ReJC = Device junction-to-case 
thermal resistance, 
= 3°CIW 
Recs 
= Case-to-heat sink thermal resistance,oCIW 
= 0.5°CIW typical with thermal joint compound 
PT(av) = Total average power dissipation, 
W 
TJ 
= Junction operating temperature, °C 
TA 
= Operating ambient temperature, °C 


The requirement 
for external 
heat sinking 
is calculated 
based on the device's 
total average 
power 
dissipation, 
maximum junction 
temperature, 
and ambient operating temperature. 
The maximum 
power 
that can be dissipated in a device (PD) can be determined 
as follows: 


TJ - TA 
P 
---- 
D - 
RaJA 


= Maximum device junction operating temperature, 
°c 
= Maximum ambient operating temperature, 
°c 
= Junction-to-ambient 
thermal resistance, 
°CIW 


Heat Sink Requirement 


If the total power dissipated in the device (PT) exceeds the maximum power dissipation (PD), then a heat 
sink must be used or a different device must be selected. 


A heat sink size can be determined by first calculating the required heat sink-to-ambient 
thermal resistance 
(RaSA) as follows: 


TJ - TA 
RaSA 
= 
P 
- 
IR8Jc + Racsi 
T(av) 


Where: 


RaJC 
Racs 


= Device junction-to-case 
thermal resistance, °CIW 
= Case to-heat sink thermal resistance, °CIW 
= O.5°CIW typical with thermal joint compound 
= Total average power dissipation, 
W 
= Junction operating temperature, 
°C 
= Operating ambient temperature, 
°C 


The RaSA required can now be compared to heat sink design specifications 
to determine the design type 
and size required. 


The preceding thermal calculations are based on the assumption that the device average power is duty cycle 
dependent. This is true if the pulse widths are short in relation to the device thermal time constant. In the 
example of a switch that is on for one hour in every twenty four hours, the actual duty cycle is low but the 
system must be designed to accommodate 
100% on time for the switch. The graph in Figure 6 gives the 
times associated with the Power+ Arrays. 
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Z6JC(t) = r(t) R6JC 
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= pulse 
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Conclusion 


To summarize the process, begin with selection of a load based on the load output specifications. 
System 
energy can then be calculated based on the load characteristics 
and load input specifications. 
A switching 
device can then be selected based on power and energy calculations. 
A thermal analysis based on the 
selected device thermal specifications 
determine if additional heat sinking and external circuitry for back 
EMF energy dissipation is required. 


The design of the switch section is complete when actual measurements 
from the system are used to verify 
the design. This design flow is summarized 
in Figure 7. 
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Measure 
Results 


Stepper motors are often chosen to provide incremental 
rotating motion. Some typical applications 
are 
printers, copiers, and industrial robots. Stepper motors present a multiple phase inductive load to the output 
circuit. 


Figure 8 shows a block diagram of the application. The motor chosen has unipolar windings, which require 
a peak current of I A. 
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Load Description 


The first consideration 
in designing this application is to consider the load, which in this case is a Superior 
Electric stepper motor. The permanent magnet rotor stepper motor has two forms of stator winding. The 
bipolar stepper motor has a single winding on each stator pole and uses a full bridge to drive each phase 
winding. In the unipolar stepper motor, the flux reversal is accomplished 
by individually 
driving a bifilar 
winding on each pole. The windings are phased such that when current is passed through one winding, a 
given flux direction is generated. By passing current through the other winding, the opposite flux polarity 
is produced. Thus, the overall magnetic effect is the same as the bipolar motor, but the phase windings can 
be more economically 
driven by interface devices with open-drain 
outputs. The motor chosen for this 
application 
has unipolar windings. Due to the manner in which the windings are constructed 
when one 
winding is turned off, a back EMF voltage is induced both in the winding that was turned off and in the 
other bifilar winding. 


Energy Calculations 


Figure 9 shows a timing waveform of the stepper motor. The table in the lower right section shows the 
winding switching sequence. Additionally, 
at any step, two windings are energized. With the knowledge 
that the windings are driven two at a time and by observation 
of the current waveform, 
energy can be 


calculated. The value of back EMF energy remains the same as if it is all returned to one winding. 


Observation of the timing diagram indicates ton == 5 ms and that the winding current approximates 
a linear 
ramp (L/R > ton). This indicates that the simplifiied formula is a good approximation. 


Therefore: 


Pon = ~. 
(Ip2) 
. rDS(on) 
. d 


Where: 


d = 0.5 (each winding conducts twice in the four-step cycle) 


In this example, if the motor is stopped, the current through each winding is a steady 1 A. The power 
calculations 
are based on an assumed operating frequency. If the motor is stopped, the individual drive 
currents may exceed the maximum continuous current rating of the switches. When calculating energy and 
power, worst-case assumptions 
must be considered. 
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Figure 9. Stepper Motor Timing Waveforms 


Choosing 
an Interface Circuit 


For the application in Figure 9, the TPIC6595 has been chosen. This device was chosen because it can meet 
the power requirements, 
can drive all four windings from a single integrated circuit, and includes interface 
logic. 


Figure 9 shows the TPIC6595 driving the stepper motor. The motor is driven at its rated 1 A by operating 
two output DMOS transistors in parallel. In Figure 9, DRAINO is representative 
of output transistors 
1 and 
5 in parallel. 
Similarly, 
DRAINl 
is representative 
of output 
transistors 
2 and 6, etc. Anti-parallel 


source-drain 
diodes are included for clarity. In this example, 
the input logic that would normally 
be 
provided by the system's microprocessor, 
is provided by a Hewlett Packard HP8180 A data generator. 


The anti-parallel diodes are used to recirculate the current that is induced in the winding when the current 
through the previously activated winding on the pole is terminated. Hence, during each motor revolution, 
both positive and negative current flows through the power switches that control the winding. 


Figure 10 shows an expansion of the waveforms of the negative current region of the winding pulse from 
the stepper motor application. 
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Current 
and Voltage Waveforms 
at Instant of Winding 
Turn on 


(a) 
SUPERIOR 
ELI:CTRIC 
UNIPOLAR 
STEPPING 
MOTOR 


• 
Reverse 
current 
flows through 
windings 
at 
turn-on. 
• 
DMOS power transistor 
conducts 
in reverse 
mode, reducing 
power dissipation. 
• 
High peak reverse 
currents 
are possible. 


As previously mentioned, 
the anti-parallel 
diodes of the DMOS output allow the recirculation 
of current 
at winding turn on. It is the anti-parallel diode that allows the DMOS output to withstand high peak reverse 
currents. In contrast, a power bipolar structure does not benefit from an inherent anti-parallel 
diode; one 
must be physically added, either to the integrated circuit design or externally at the board level. If negative 
currents are required of a bipolar power switch that does not include such a diode, parasitic isolation diodes 
in the bipolar structure will conduct currents which may cause system malfunction. 
It is for this reason that 
a DMOS solution is often the most practical and economical 
for motor drive applications. 


In the stepper motor example, as the winding turns on, the voltage drop across the output decreases. Once 
the voltage drop across the output ceases to be at least 0.7 V, the body-drain 
diode no longer conducts. At 
this point, the DMOS power transistor turns on in the reverse direction, allowing continued negative current 
flow to the inductor. 


Once reverse conduction through the DMOS becomes the vehicle for negative current flow to the inductor, 
the power dissipation 
is given by the product of rDS(on) and the square of the drain current. Reverse 
conduction 
continues through the DMOS transistor until the current reaches zero. 


Benefits of Choosing 
Power+ Logic 


• 
The DMOS output structure is power efficient. 


• 
The output structure can withstand high avalanche energy. 
• 
System design is simpler than with discrete DMOS or bipolar transistors. 


The TPIC6595 
device has 8 power DMOS outputs with built-in :45-V clamps for enhanced 
inductive 
energy switching 
capability. 
Figure 
11 shows the typical schematic 
of each output. When switching 
inductive loads, high voltage transients are seen at the device output when the output is placed in the high 
impedance state. The voltage generated by the inductive transient is limited by the breakdown mechanism 
of the output structure. 


• 
01 is an integrated body-drain diode. 


• 
02 and 03 are added to provide improved 
unclamped energy capability. 
• 
04 is added to prevent gate-oxide damage. 


For the Power+ 
Logic devices, 
the internal 
dynamic 
45- V clamp circuit eventually 
conducts 
during 
switching of an unclamped 
inductive load, allowing current to charge up the gate of the transistor. Once 
the DMOS gate voltage exceeds the threshold voltage of the device, the DMOS turns back on, completely 
dissipating the energy from the inductor. 


Thus, the entire active area of the DMOS transistor is used in the forward-bias mode to absorb energy from 
the inductive load. Without the internal clamp circuitry, the device output would be driven into avalanche 
breakdown 
and would operate in a much lower energy capability reverse-bias 
mode. The built-in voltage 


clamps of the Power+ Logic devices allow the user to switch up to 75 mJ of avalanche energy without the 
use of external snubber circuitry. 


Each DMOS output of the TPIC6595 can provide 250 mA of continuous 
current with all outputs turned 
on. Individually, 
the outputs can be pulsed to provide up to 1.5 A of current. Multiple 
outputs can be 
paralleled for increased current drive of up to 6 A of pulsed total load current. This rating is sufficient to 
drive the stepper motor when operating at the described duty cycle. 


In describing 
the ruggedness 
of any power output, a key parameter 
is the avalanche 
energy capability. 


While the maximum energy capability is determined by thermal limitations of the silicon, the energy that 
can be dissipated 
during avalanche 
is not a constant, 
but varies with peak switching 
current and load 
inductance. 
Some power structures, however, may be prematurely 
limited by secondary breakdown 
and 
will have a constant energy rating. For an inductive switching pulse within the energy capability 
of the 
device, the energy dissipated 
in the output is proportional 
to the product 
of the current and voltage 
waveforms. 


Figure 12 benchmarks 
the ruggedness 
of the Power+ Logic device against two low-side bipolar devices 
having comparable 
voltage capability. Device A has a breakdown 
voltage of 37 V, while Device B has a 
breakdown 
voltage of 50 V. Each bipolar device has approximately 
twice the output active area as the 
Power+ Logic device. The data in Figure 
12 reflects the last point of output survival just prior to its 
destruction. 
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Figure 12. Power+ Ll:»gicVersus Bipolar Output Energy 


It is evident that the Power+ Logic DMOS device is much more rugged than either of the bipolar structures. 
While switching a 350-mH inductor, the TPIC6259 dissipates 200 mJ prior to destruction, more than twice 
the energy of the bipolar devices. While the energy capability of the Power+ Logic device decreases to 
45 mJ while switching a 30-mH load, this is still significantly 
more than comparable 
bipolar devices. 


IAS 
tav 
L 


Leff 
E 
VDD 
VDSX 
Tc 
Tm 
Po 
K 


c 
Tm 
Tj(pk) 


= Peak current reached dUJing device avalanche 
= Time duration of device in avalanche 
= Load inductance 
= Effective load inductance; 
accounts for supply voltage 
= Energy absorbed by device under test (Leff x IAS2)/2 
= Output supply voltage 
= Effective device avalanche voltage 
= Case temperature 
= Maximum junction rise that occurs in inductive switching 
= Power = IAS x VDSX 
= 139.5 = A thermal constant where the area of active silicon 
= lk inils square. 
= 2/(A (p kc)l/2) 


= Area of power generation silicon 
= density of silicon 
= thermal conductivity 
of silicon 
= thermal capacity of silicon 
= (20.5)/3 Po k(tav)O.s 
= Peak junction temperature 
at point of destruction = Tm + Tc 


DEVICE 
IAS 
tav 
VDSX 
VDD 
Left 
L 
E 
Po 
K 
Tm 
Tj(pk) 
TYPE 
(A) 
(ms) 
(V) 
(V) 
(mH) 
(mH) 
(mJ) 
(W) 
(OC) 
(OC) 


DMOS 
2.1 
0.8 
50 
15.1 
19 
13.2 
42.2 
105.5 
269.0 
378 
403 
TPIC6259 
1.7 
1.4 
50 
15.1 
42 
29.4 
58.1 
83.0 
269.0 
394 
419 


Bipolar 
1.3 
1.5 
37 
9.0 
41 
30.7 
35.4 
48.8 
139.5 
122 
147 
0.9 
2.6 
37 
12.8 
101 
66.3 
43.9 
34.4 
139.5 
114 
139 
Device A 
0.8 
5.0 
37 
19.0 
247 
120.0 
69.4 
27.8 
139.5 
129 
154 


Bipolar 
0.8 
1.3 
50 
11.6 
80 
61.4 
25.6 
40.0 
139.5 
94 
119 
0.7 
1.8 
50 
9.5 
125 
101.0 
30.6 
35.0 
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96 
121 
Device B 
0.5 
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50 
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335.0 
41.9 
25.0 
139.5 
95 
120 
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In addition to peak switching current and load inductance, 
the energy capability of a power device varies 
with temperature. 
As the junction temperature 
of the device increases, energy capability decreases. This 
temperature-energy 
relationship has been exploited to further understand the avalanche energy capabilities 
of the Power+ Logic device. 


Unclamped 
inductive 
switching 
tests have been performed 
on the Power+ Logic device in which the 
junction 
temperature 
of the DMOS 
output 
was gradually 
raised by forcing 
the device 
to dissipate 
increasingly 
large amounts of energy. The virtual junction temperature 
of the device immediately 
prior to 
destruction 
was calculated. 
For the purposes of these tests, the 150°C maximum junction 
temperature 
specification 
of the Power+ Logic device was violated; these tests do not reflect recommended 
operation 
of the Power+ Logic device. 


Assuming 
the mechanical 
limitations 
of the package are disregarded, 
the maximum 
avalanche 
energy 
capability of a power device operating in the forward-bias 
mode is limited by the thermal capabilities 
of 
the silicon. 
However, 
the actual 
avalanche 
energy 
dissipated 
by a given power 
structure 
may be 
prematurely 
limited by a secondary breakdown mechanism. 
In the case of the Power+ Logic outputs, the 
absence offorward 
secondary breakdown can be shown. The calculated virtual junction temperature of the 
Power+ Logic output structure at the point of device destruction 
is greater than 400°C. Since silicon is 
thermally 
limited at approximately 
400°C, silicon thermal limitations 
are the probable cause of device 
destruction. 


For comparison, 
similar tests have been performed on bipolar devices A and B. Bipolar device B (50- V 
clamp) had a calculated 
maximum 
virtual temperature 
of approximately 
120°C immediately 
prior to 
destruction, 
clearly illustrating 
a secondary breakdown 
limitation. 
Bipolar device A (37-V clamp) had 
improved characteristics, 
but still clearly experienced 
secondary breakdown 
limitations with destruction 
temperatures 
ranging from approximately 
140°C to 150°C. 


The Power+ Logic devices integrate performance 
power output structures with high density sub-micron 
CMOS logic. Figure 13 shows Ice versus SRCK frequency for the TPIC6595 with the outputs static and 
an alternating bit pattern on the SER IN pin. This example demonstrates the high logic frequency capability 
of the Power+ Logic devices, as well as the low Vee 
power consumption. 
High logic speed capability 
allows the information 
to be transferred from the micro-processor 
interface very quickly even though the 
switch and load operation 
occur at a much slower repetition 
rate. This is especially 
important 
when 
cascading several devices for a large number of outputs all controlled by a single serial interface. 


The power described 
in this graph is the term Pquies and is used in calculating 
the total average power 
dissipated in a device. 
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When using the TPIC6595 
or any of the Power+ Logic devices, there are several printed-circuit 
board 
(PCB) layout considerations 
that should be kept in mind. High frequency layout rules should be used when 
designing power switching systems. This is because mutual inductance (i.e. capacitance between the drive 
circuit and load circuit) can cause coupling of erroneous signals resulting in false operation. The following 
precautions 
are offered: 


• 
Use of a power ground bus on the PCB to eliminate crosstalk between the power loads and input 
logic. 


• 
Addition of a O.I-~F bypass capacitor between Vcc and the logic ground line, placed close to 
the device to dampen any stray signals experienced 
by the drive circuit. 


• 
Separate power and logic ground circuits. 


Figure 14 shows the implementation 
on these board layout considerations 
using the TPIC6595. 


• 
Creation of a power ground bus on the board which eliminates crosstalk between 
logic and power loads 


• 
Bypass capacitor of 0.1 I!F placed close to the device 


• 
Separate logic ground circuit 


DC motors play an important role in a wide variety of electronic systems. Efficient control of motor speed 
and torque is an important issue for many system designers. 


Figure 15 shows a bidirectional 
de motor being driven from a 14.5- V supply by two dual DMOS switch 
devices arranged in a full H-bridge configuration. 
This circuit uses 20-kHz PWM input signals that are 180 
degrees out of phase. In most systems, these signals are supplied by a micro-controller. 
A 50% duty cycle 
on both input signals produces a net zero voltage across the motor, creating a stall condition. 
Control of 
the motor's speed and direction of rotation is achieved by varying the duty cycle of one of the input signals 
while keeping the other fixed at 50% duty cycle. This variation between the input signals results in a net 
de voltage across the motor providing 
the drive current needed to meet the torque requirements 
of the 
motor. 
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Motor Operation 


Motor operation is shown in Figure 16. In this example, the motor is driven in the forward direction. The 
motor speed is controlled by varying the duty cycle of input signal B. While input signal A is high and input 
signal B is low, there is a net negative voltage across the terminals of the motor and current through the 
motor ramps up. Once input A goes low, a net positive voltage appears across the motor terminals and the 
motor current ramps down. When both input signals are low, there is no net voltage across the motor 
terminals and the H-bridge recirculates 
a relatively constant current through its upper stages. To drive the 
motor in the reverse direction, input signal B is held to a 50% duty cycle while the duty cycle of input A 
is varied. 


t2 


(a) MOTOR 
DRIVE CURRENT 
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(b) INPUT VOLTAGE 
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Figure 16. DC Motor Operation 


Figure 17(a) shows the current through the transistors on one side of the H-bridge during time periods t1- 
t2, and t3. Operation of the other side of the H-Bridge is similar. Figure 17(b) shows the motor voltage and 
currents during the same time periods. 


In this example, 
the pulse width of the input signal is approximately 
25 ~s at a 50% duty cycle. It is 
important to note that when switching both the upper and lower transistors on the same side of the H-bridge, 
a brief delay must occur to allow the conducting transistor to turn off before the non-conducting 
transistor 
is allowed to turn on. Without this delay, excessive cross-conduction 
current may result. Cross conduction 
is a condition 
in which the upper and lower FETs on one side of the H-bridge 
are on simultaneously, 


providing a low impedance path between the source voltage and ground. While small cross-conductance 
currents can actually be used to enhance system performance, 
uncontrolled 
cross conduction can result in 
excessive heat dissipation 
and degradation 
of the device. 


System Power Considerations 


The motor drive current shown in Figure 17(b) has a peak value of slightly less than 6 A with a minimum 
value of 4 A. Energy calculations 
must be based on the condition when one of the input signals is at the 
minimum duty cycle. The motor current during time t3 is due to back EMF and must be included in power 
dissipation calculations. 
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Figure 17. DC Mc)tor and H-Bridge 
Currents 


Choosing 
an Output Switch 


The device required for this application 
must be capable of conducting 
at least 5 A continuously, 
and as 
shown in the previous diagrams, must be configured 
as an H-bridge. 


The device chosen for this application 
is a TPIC5201 Power+ Array as shown in Figure 18. This device 
contains two totally independent 
high performance 
DMOS transistors 
in a single power package. 
The 
independent 
transistors 
allow for an H-bridge 
configuration. 
The low rDS(on) minimizes 
the power 
dissipation. 
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Predrive Circuit 


In this application, 
two symmetrical 
predrive circuits are used to drive the gates of the upper and lower 
FETs. The predrive circuit schematic 
is shown in Figure 19. Drive to the upper transistors 
is achieved 
through the use of an HCPL2531 
optocoupler 
followed 
by an emitter-follower 
stage. The high speed 
optocoupler 
isolates and level shifts the upper stage FETs from the input while providing 
a reference to 
ground. The emitter-follower 
provides low impedance drive for fast charging of the intrinsic gate-source 
capacitor to enhance switching times. 


A O.l-IlF bootstrap capacitor is used to allow the gates of the upper FETs to rise above the supply voltage 
rail. The bootstrap must be at least 10 times larger than the parasitic gate capacitance 
of the TPIC5201, 
typically 18 nF. Inclusion of the emitter-follower 
and the bootstrap capacitors allow the upper transistors 
to be turned on hard when the input signal transitions high. 


The low gate capacitance 
of the TPIC5201 allows for improved efficiency in the motor control circuit. In 
a power switching application, as the switching frequency increases, switching losses due to the continuous 
charge and discharge 
of the gate capacitor 
become the dominating 
component 
of the power loss. By 
minimizing 
typical gate capacitance, 
the TPIC5201 
reduces switching 
losses, which results in reduced 
system power consumption 
and improved system efficiency. 


The predrive circuit includes a delay RC network to ensure that cross conduction does not occur. The time 
constant of this RC network must be greater than the 0.8-lls propagation 
delay time associated 
with the 
switching times of the HCPL253I 
optocoupler. 
By delaying the turn-on drive to the gates of the power 
MOSFETs, cross-conduction 
currents are eliminated. 


External under-voltage-lockout 
protection is added to the circuit to keep the lower-stage 
FETs turned off 
until a predefined threshold voltage is obtained. This threshold voltage is determined 
by the threshold of 
the zener diode coupled with the threshold of the TP4050 buffer. In this circuit, the lower FETs remain off 
between 2 V and 6.2 V. 


Advantages 
Over Discrete Transistors 


Since the two power MOSFETs of each TPIC5201 
are fabricated 
monolithically, 
the FETs within each 
device 
are inherently 
well matched. 
As a result, there is little variation 
in the switching 
times and 
transconductance 
of the 
upper-stage 
transistors. 
This 
device 
matching 
aids 
in system 
design 
by 
significantly 
reducing 
the need for feedback 
circuitry 
to compensate 
for potential 
switching 
time 
mismatches. 
As a result, the necessary predrive circuitry is greatly simplified. 


Each power transistor in the TPIC520 1features a low on-state resistance of90 mn. By minimizing on-state 
resistance, the power consumption 
of the H-bridge is reduced increasing the power available to the motor. 
Motor control 
systems built with low on-state 
resistance 
power switches 
allow more efficient 
motor 
performance. 


The energy capabilities 
of the TPIC5201 have been characterized 
over its entire range of operation. The 
specifications 
for the TPIC5201 
include peak avalanche 
current versus avalanche 
time-rating 
curves. 
Unlike the single-point energy specifications 
typical of discrete MOSFETs, designers using the TPIC5201 
can accurately monitor compliance 
with active safe-operating-area 
design constraints. 
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Solenoids are used to provide linear motion. Solenoid applications include electric locks on automobiles, 
mechanism 
actuators in tape recorders, and air-control valves. 


Figure 20 shows a solenoid with a high-side driver. The high-side drive places the control switch between 
Vcc and the load. Selection of a switch device for this application must include an energy evaluation and 
a device that can operate as a high-side 
switch. The solenoid load is inductive 
like the stepper motor; 


however, instead of having cross-coupled 
signals, the solenoid has a dynamically 
changing impedance. 
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When the current reaches a level sufficient to cause the solenoid to operate, the armature begins to move. 
When the armature moves relative to the coil, the coil inductance 
changes. The amount of change is a 
function of the solenoid design. Conventional 
relays also exhibit this change in inductance since they are 
solenoids that operate switches. 


Energy and power considerations 
are similar to the stepper motor. The interface circuit must drive an 
inductive load with a peak current. The solenoid winding inductance 
and resistance must be considered 
when evaluating the avalanche energy. Just as with any inductive load, the total avalanche energy must be 
considered 
as well as the peak avalanche current. 


Choosing 
an Interface 
Device 


The voltage and current waveforms 
for the solenoid are shown in Figure 21. This particular 
solenoid is 
chosen because of the drastic inductance 
change during operation. 
The inductance 
change causes the 
discontinuity 
seen in the inductor current during ton' 


The output from the predrive circuit, Vg' is at -5 V during tof£-The circuit as shown relies on the DMOS 
transistor to provide the conduction 
path for the back EMF current from the inductor when the drive is 
turned off (toff), as described in the stepper motor application. When the switch is turned off, the solenoid 
voltage goes negative. When the solenoid voltage reaches approximately 
- 7.5 V (Vg - 2.5 V), the DMOS 
transistor is turned on, effectively 
clamping the inductor voltage. If Vg = 0 V at toff, then the solenoid 
voltage is clamped at - 2.5 V and the time required for the solenoid current to reach zero is longer. 
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Power and Energy Calculation 


Switching: 


ET = 113 mJ 


Poff = 940 mW 


Pon = 2 mW 


PT = 942 mW 


Continuous: 


Pon = 32.4 mW 


Where: 


ton = 25 ms 


toff = 95 ms 


VSS = 12 V 


VCL 
= 8 V 


2 
3L Ip 
VCL 


ET = 
) 
6 (VCL-VSS 
+ 4 RL Ip 


Poff = ET f 


Pon = ~(I/) 
rDS(on) 
d 


PT = Poff + Pon + Pquies 


L = 300 mH 


Ip = 0.5 A 


rDS(on) 
= 90 mQ 


Pquies = 0 


Using the current waveforms from Figure 21, the energy dissipated in the switch can be calculated. 
The 
TPIC5201 Power+ Array has been chosen as the switch for this application. 


Using the calculations 
presented in the Output System Design section: 


3 (L 
0 I/O Vcd 
ET = ---------- 
6(VCL-VSS)+4(RO 
Ip) 


P 
_1°12or 
°d 
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3" 
P 
DS(on) 
=. 
m 


PT(av) = Poff + Pon + Pquies = 0.94 W 


Assuming that the solenoid could be turned on for an extended period oftime, the power dissipated in the 
switch would be: 


PT = 12 . rDS(on) 


VCC 
I = ~ 
= 0.6 A 


PT = 0.62 . 0.09 = 32.4 mW 


Closing the design loop and comparing 
calculations, 
results and specifications 
verify the design and 
indicate changes when necessary, as shown in Figure 22. 
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Figure 22. Closing the Loop 


The results of this comparison 
are not what might be expected. The avalanche energy is high (113 mJ), 


while the power dissipation 
is quite low (0.9 W). This indicates that no heat sinking is required and that 
a device with a lower power and current rating could be used in this application. 
It also illustrates 
the 
importance of doing thorough energy calculations. In this case, a quick look at current handling alone might 
suggest the device chosen is overkill; but when avalanche 
energy is considered, 
it can be seen that the 
TPIC5201 is a good match for the application. A similar device rated at a lower peak current value would 
probably 
be unable to handle the avalanche 
energy, possibly resulting 
in repeated 
mysterious 
device 
failures. 


Power+ products are available in many configurations. 
Tables 3 through 5 show the key comparisons 
of 


Power+ Arrays, Power+ Logic, and Power+ Control, respectively. These tables can serve as a starting point 
in choosing the product that functionally 
fits an application. 


Table 3. Power+ Array Key Comparisons 


Devices 
TPIC: 
TPIC: 
TPIC: 
TPIC: 
TPIC: 


VDSmax: 
60V 
2202 
2302 
2322L 
1301 
1321 L 
3302 
3322L 
5203 
5223L 
Icont: 
0.5 A - 7.5 A 
2301 
5302 
5322L 
5303 
5323L 
2701 
rDS(on): 
0.090 
- 0.60 
5201 
5404 
5424L 
5401 
5421L 
5601 
5621L 
5403 
5423L 


5 V Logic-level 
interface 
X 
X 


4000 V ESD protection 
X 
X 


Configured 
for motor drive 
X 
X 
X 
X 


Solenoids, 
motors, 
relays 
X 


Surface-mount 
packaging 
X 
X 
X 
X 


TPIC6259 
TPIC62A259 
TPIC6B259 
TPIC6E175'1l 
Devices 
TPIC6273 
TPIC6B273 
TPIC6E261'1l 
TPIC6595 
TPIC62A595 
TPIC6B595 
TPIC6E585'1l 


Typical rDSlon) 
(0) 
1.3 
1 
5 
1 


Output clamp voltage 
(V) 
45 
50 
50 
40 


Avalanche 
energy 
(mJ) 
75 
75 
30 
100 


Transistor 
outputs 
8 
8 
8 
4 


Continuous 
current 
(mA) 
250 
350 
150 
§ 


Pulsed current per output (A) 
1.5 
1.1t 
0.5t 
1 


Quiescent 
current, typical 
(IlA) 
15 
500 
20 
1600 


Packaging 
DIP/SO 
DIP/SO 
DIP/SO 
DIP 


t Current-limiting 
capability 
and short-circuit 
protection 
t Current-limiting 
capability 
§ User-programmable 
PWM from 300 mA-1 
A 
'1lPreliminary 
data only 


Devices 
TPIC2101 
TPIC260at 


Number 
of channel 
1 
6 


Intemet 
FET 
No 
Yes 


Diagnostics 
No 
Yes 


Fault protection 
Yes 
Yes 


Battery supply voltage 
(V) 
8-16 
5.5-25 


Frequency, 
typical 
(kHz) 
20 
4000 


Quiescent 
current, 
max (1lA) 
200 
50 


Packaging 
DIP/SO 
DIP/SO 
t Preliminary 
data only 


Selecting 
a Power+ 
product 
includes 
choosing 
a product 
that meets 
the application 
performance 
requirements. 
These tables compare some of the key specifications 
from both product families. These are 
the parameters 
most often used for an initial product selection. 


The applications 
and design 
information 
presented 
in the previous 
sections 
have relied 
on some 
assumptions 
about device parameters 
in order to simplify the analysis while still arriving at a meaningful 
evaluation. 


Figure 23 shows the excellent on-state resistance stability for the Power+ Array DMOS transistors. 
This 
also shows the type of device information 
available in the data sheets; complete device characterization 
is provided in the data sheets for Texas Instruments 
Power+ products. 
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Figure 24 shows device on-state resistance performance 
for the Power+ Logic family of devices. While 
the rnS( on) is higher than that of the Power+ AITays, the power handling for these outputs is still substantial 
as shown in Table 4. 
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Figure 24. 
Power+ Logic Output Characteristics 


The safe-operating-area 
(SOA) characteristics 
are presented in graphical form to include peak currents and 
absolute times. Avalanche energy capability depends on many factors and cannot be adequately described 
by a single number. Figure 25 indicates the relationship 
between safe avalanche operating conditions and 
time, temperature, 
and current for Power+ Arrays. Similar information 
is included in the data sheets for 


Power+ Logic products. 
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Figure 25. Power+ Arrays SOA Characteristics 
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The TPIC6595 
is a monolithic 
Power+ Logic ™ 
device that contains 
eight 1.5-A peak/45- V low-side 
DMOS power switches packaged 
in a 20-pin dual-in-line 
plastic package. 
The logic functions 
of the 
TPIC6595 consist of the logic functions existing in the high-speed CMOS (HCMOS) SN74HC595 
catalog 
parts except the outputs are inverted relative to the HCMOS 
version. The eight DMOS switches 
are 
controlled from a single input, SER IN (serial input), and by an 8-bit serial word. Data is transferred through 
an 8-bit shift register on the rising edge of SRCK. SER OUT is provided at the last bit of the shift register 
to allow cascading in applications 
requiring more than eight DMOS switches. 


Each of the eight DMOS switches are equipped with an internal 45- V drain-to-gate zener clamp that greatly 
enhances their capability to switch unclamped inductive loads. Since the zener clamp causes the DMOS 
switch to be forward biased instead of being avalanched 
during inductive-load 
turn off, a power switch 
avalanche energy rating of 75 mJ maximum is achieved. 


This device provides a cost-effective 
single-chip 
solution for direct control of motors, relays, solenoids, 


and other high-energy, high-electrical 
stress loads including lamps. Since the device implements 
a direct 
control link between the microcontroller 
and the system electrical loads, use of multiple logic integrated 
circuits and discrete power devices are eliminated. The reduction of discrete devices not only reduces cost, 
but saves circuit space and improves system reliability by the reduction of active components. 


The TPIC6595 is an 8-bit serial-in-to-parallel-out 
power driver having separate power and logic ground 
pins. A functional block diagram is shown in Figure 1. Data is transferred 
through an 8-bit shift register 
on rising edges on SRCK. The data in the shift register is latched to the ~tputs 
by the rising edge on RCK. 


All outputs are placed in a high-impedance 
mode with a high level on G, but the data is not cleared from 
the storage register latches. SRCLR clears all data in the shift register only. SER OUT is provided at the 
last bit of the shift register to allow for cascading in applications 
requiring more than eight output bits. 


The logic used is specified within the data sheet to operate from 4.5 V to 5.5 V,but it is capable of operation 
down to 3 V and up to an absolute maximum voltage on 
V.The CMOS transistors used in the digital logic 
have small feature sizes and short channel lengths as well as tightly controlled, low threshold voltages. Due 
to these characteristics, 
the CMOS gains are high, and the parasitic capacitance 
is minimized. Because of 
this, the logic is able to function at greater than 25-MHz operation over the full Vcc range of 3 V to 7 V 
and over the temperature 
range of -40°C 
to l25°e. 
Another 
result of using primarily 
CMOS-type 
transistors in the design of the power logic is a low quiescent current (led. 


The predrive circuitry is a CMOS buffer stage that provides adequate sink/source 
drive to the gate of the 
output power DMOS. A series resistor has been added between the buffer stage and the gate of the DMOS 
in order to provide a more controlled gate-drain capacitor charging current than could be achieved with a 
CMOS buffer alone. The current-limit 
resistor serves two purposes: first, it limits power dissipation in the 
drain-to-gate zener clamp structure under inductive transient conditions, and second, it controls the voltage 
rise and fall of the DMOS gate. This reduces radio frequency interference 
(RFI) during output switching. 


The rise and fall times at the gate are controlled by the effective RC time constant, which consists of the 
series resistor and the Ciss of the DMOS. 


The DMOS outputs are designed to have a typical static drain-source 
on-state resistance of 1.3 Q with a 
continuous output current of 250 mA at 25°C and Vcc of 5 V. The DMOS transistors are designed to have 


a low threshold voltage. The low threshold voltage along with the high gain of the devices allow the gates 
to be driven without the aid of any additional supply voltage above Vcc. Thus a charge pump or additional 
level shifting voltage supply is not necessary. The elimination 
of a charge-pump 
circuit reduces turn-on 
times, thereby minimizing 
power dissipation 
in the outputs during switching. The use of a charge pump 
also increases the susceptibility 
of generating RFI due to the need for an internal oscillator. An oscillator 
provides little interference due to its low power, but the DMOS may serve as a transconductance 
amplifier 
for the oscillator circuit, especially when switching small resistive loads. 


Variation of the output characteristics 
is primarily a function of temperature 
and Vcc. With the CMOS 
predrive buffer used, the VGS of the output DMOS varies directly with Vcc- A typical rDS(on) of 1.8 Q at 
25°C can be achieved with aVeC 
of 3 V. This low static drain-source 
on-state resistance 
is directly 
attributable 
to the low DMOS threshold voltage in the process. Output fDS(on) primarily consists of the 
intrinsic DMOS resistance, the series resistance of the source and drain lead busing, bonding resistance, 
and lead frame resistance. All of these resistances have a positive temperature 
coefficient. 
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Power and Thermal 
Considerations 


Three important application considerations 
for a power device are the power, thermal, and inductive energy 
ratings with respect to the operational 
load demands. The following illustrate analytical approaches 
that 
ensure that the device is operating within these maximum ratings. 


To calculate the current ID for a single output with n outputs conducting 
equal current, use equation (1) 


Where: 
Kn 
= current coefficient for the current of a single output with n outputs 
simultaneously 
conducting 
equal current 
= thermal resistance 
or junction-to-ambient, 
90°CIW 
static drain-source 
on-state resistance 
at 150°C (worst case) 3.5 11 
= junction 
operating temperature, 
°C 
operating ambient temperature, 
°C 


Total Outputs 
On 
Current 
Coefficient 
n 
Kn 
1 
2.67 


2 
1.95 
3 
1.61 


4 
1.40 


5 
1.26 


6 
1.50 
7 
1.07 
8 
1.00 


The current coefficient values, Kn, shown in Table 1are derived from the thermal model shown in Figure 2 
and the TPIC6595 data sheet thermal resistance values. 
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Figure 2. Thermal 
Model-Thermal 
Equilibrium, 
No Heat Sink 


The following equations apply for the thermal model in Figure 2: 


RI II R2 II R3 II R4 II R5 II R6 II R7 II R8 + R9 = 90°CfW 
RIll R211 R311 R411 R511 R611R711 R8 = 1.6°CfW 
Rn, n = 1-8 = 12.8°CfW 
R9 = 88.4°CfW 
T](n) = junction temperature 
of an individual output with n outputs conducting 
equal current 
PI = P2 = P3 = P4 = P5 = P6 = P7 = P8 


T](n) 
- 
TA 
2 
2 
PI 
= 
RI + nR9 
= ID 
rDS(on) = ID 
3.5 Q 


Switching 
Unclamped 
Inductive 
Loads and Turn-Off 
Power Dissipation, 
POFF 


The data sheet shows an energy rating of 75 mJ. This energy rating is a specific point on the curve shown 
in Figure 5 on the data sheet, which is repeated here as Figure 3 for clarity. 


The energy capability of the device in Figure 3 is not described in a traditional manner but as a graph of 
peak-switching 
current versus avalanche time for a starting junction 
temperature 
of 25°C. 
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It has been established that the energy limitations of these devices during inductive switching is due to the 
self heating of the silicon structure. Figure 4(a) shows the measurements 
of the peak-switching 
current 
versus starting junction 
temperature 
and idealized inductive switching waveforms. 
The power absorbed 
by the device during switching is proportional 
to the peak switched current, laY' If the failure mechanism 
is thermal, 
the power capability 
of the device is related to the transient 
thermal 
impedance, 
starting 
temperature 
of the device, and maximum 
physical temperature 
that the silicon can withstand. 
It is well 
known 1that for the typical resistivities used in the manufacture of these devices, the maximum temperature 
that silicon can operate at is in the range of 400°C. Therefore, if the peak switching temperature 
is plotted 
as a function of starting temperature, 
the relationship 
should be linear and intercept the temperature 
axis 
at 400°C. Study of Figure 4(a) shows that the O.5-ms line has an intercept with the starting temperature 
is 
directly attributable to the zener diode that has been integrated between the drain and the gate of the device. 
The zener diode forces the whole DMOS structure to be active during voltage clamping and therefore gives 
the maximum possible energy absorption capability. 


As a consequence 
of a thermally-limited 
failure mechanism, 
the concept of a single energy rating for the 
device does not fully characterize 
its capabilities, 
since the maximum energy capability is related to the 
time 
duration 
over 
which 
the energy 
is absorbed. 
Consequently, 
the inductive 
switching 
energy 
characterization 
of the TPIC6595 has been expanded to show peak switching current, las, versus avalanche 
time for the device, tay. 


The equation, 
1V 1= L di/dt, can be used to relate this curve to a practical application circuit. Given a supply 
voltage, VDD, and an internal clamp voltage ofVBR(DSX) the avalanche time, tay, is given by (V(BR)DSX 
-VDD)/L, 
and the peak switching current lay is simply the maximum current at switch off. 
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(b) IDEALIZED 
INDUCTIVE 
SWITCHING 
WAVEFORMS 


Figure 4. Peak Switching 
Current Versus Starting Junction Temperature 


If the maximum power dissipation of the device is not exceeded, it is possible to drive an inductive load 
by operating a number of the devices in parallel. This is due to the close matching of the gate-drain zener 
diodes. 


Figure 5(a) shows four switches operating in parallel while driving a 105-mH/I1.5-Q 
load at 1 A. The 
power absorbed during switching is often greater than the power dissipated during the on period. 
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Total energy absorbed by TPIC6595 during turn-off transient 
Switching frequency 
Load inductance 
Peak output load current 
Turn-off power dissipation 
Inductor resistance 
Clamp voltage 
Load supply voltage 


Eofl 
= 
1.49 W 


59.6 mJ 
25Hz 
105mH 
lA 
1.26 W 
11.5 Q 
45V 
BV 


In the above example, switching frequency of only 25 Hz can result in a power dissipation 
that is greater 
than the package rating device. If it is assumed that TA = 25°C and TJ = 150°C, the maximum 
power 
dissipation, 
Pmax' is given by 


Where: 
TJmax is the maximum junction temperature, 
TA is the ambient temperature, 
and 


RaJA is the thermal resistance. 


Thus, 
Pmax 


Poff 
= (150-25)/90 
= 1.39 Wand 
at a switching speed of 25 Hz, 
= 59.6 mJ x 25 Hz = 1.49 W 


The above example 
demonstrates 
that the power 
dissipation 
associated 
with load turn off is often 
significantly 
greater than during the on period. 
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If all eight output switches are not needed for an application and a continuous output load current greater 
than 0.25 A is required, the switches can be connected 
in parallel for extended current capability. The 
current-sharing 
capability of the switches is demonstrated 
in a circuit while operating at TA = 40°C (see 
Figure 6). The individual switch current, ID, is determined 
by equation (5). 
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TA 
ROJA 
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Kn 
= current coefficient = 1.5, 6 outputs on 


Where: 
j 
150°C - 
4cfc 
ID 
=9(f 
C 
X 
3.5 Q 
X 
8 Kn 


ID 
= 0.209 A X 1.5 = 0.313 A each switch 
ILl 
= 3 X ID = 0.940 A max current for Loadl 
ILl 
= 2 X ID = 0.627 A max current for Load2 
IL3 
= 1 X ID = 0.313 A max current for Load3 


Direct Drive of Eight Lamps 


Figure 7 shows the TPIC6595 circuit simultaneously 
switching eight No. 194 automotive 
lamps from a 


l4.3-V source and various waveforms, 
which demonstrate 
the internal current limiting at approximately 
1.8 A. 
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The nature of an incandescent 
lamp is capacitive 
during turn on and represents 
an instantaneous 
short 
circuit. Previous measurements 
have indicated that the in-rush current (peak switching 
current) of the 
incandescent 
bulbs shown in Figure 7 is typically 2.6 A. As shown on the previous page, the TPIC6595 


limits this current to approximately 
1.8 A. 


Direct Drive of Eight Relays 


The worst-case power dissipation for continuous operation of all outputs is calculated as 0.438 W based 
on the device measurements. 
Maximum rDS(on) = 3.5 Q (TJ = 150°C): 
Inns'" 
0.125 A (see Figure 9) 
P = Inns2 x rDS(on) x 8 outputs on 
P = (0.125 A)2 x 3.5 Q x 8 = 0.438 W 


The power dissipation 
created by inductive 
energy is insignificant 
in this case because the resistance 
component 
of the load is large compared to the inductance. 
Based on RSJA = 90°C / Wand 
TJ = 150°C, 
the maximum permissible 
ambient operating temperature 
(TJ) for driving the eight relays at continuous 
operation is 110°C. 


TA = TJ - PRSJA = 150°C - 0.438 x 90°C 


= 110°C 
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Figure 9. DRAIN1 Voltage and Current Waveforms 
of Figure 8 Application 
Circuit 


Unipolar Stepper Motor Drive 


Stepping motors, due to their digital drive requirements, 
are natural motion providers for microprocessors 


or ASIC-based systems. The TPIC6595 provides a simple solution to the problem of translating logic-level 
timing to high-voltage 
and current requirements 
of stepping motors. 


The permanent 
magnet stepping motor has two types of stator winding. The bipolar type has a single 
winding on each stator pole and uses a full bridge to drive each phase winding. In the unipolar type, the 
flux reversal is accomplished 
by individually 
driving a bifilar winding on each pole. The windings 
are 
phased such that when current is passed through one winding, a given flux polarity is generated. By passing 
current through the other winding, the opposite flux polarity is produced. The overall magnetic effect is 
the same as the bipolar motor, but the phase windings can be more economically 
driven by devices with 
open-drain outputs such as the TPIC6595. 


Printers are one major application of stepping motors because the stepping motor is ideally matched to the 
needs of paper feeding. In this application, the paper is required to move in well-defined increments, which 
through gearing equate to fixed numbers of motor steps. Since the paper position is initialized by the user 
or at paper loading, there is no need for positional feedback. Therefore, the motion system is an open loop, 
and the paper is advanced by stepping the motor's rotor a given amount. 


The system clock is set for a frequency of 4 kHz. This is based on time per motor step of 2.5 ms and a total 
often clock pulses required per each motor step. This is seen in equation (6), i.e., eight clock pulses for the 
data word plus one additional clock pulse before and after the data word. 


2.5 
ms/step 
t 
- 
-------- 
CLK 
- 
10 clock pulses step 


Figures 10, 11, and 12 illustrate two different techniques 
for driving a unipolar stepping motor with the 
TPIC6595. The motor is driven at its rated I-A peak by operating two output DMOS transistors in parallel. 
In these examples the input logic, which would normally be provided by the system's microprocessor, 
is 
generated 
by a Hewlett Packard HP8180A 
Data Generator; 
the logic steps are shown in Table 2 and 
illustrated in Figure 10. 
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CWSTEPt 
SER IN INPUT DATA 
TPIC6595 
SWITCHES 
ON 
WORD 


1 
01010101 
DRAINO I I DRAIN4, 
DRAIN2 
I I DRAIN6 


2 
01100110 
DRAIN1 
I I DRAIN5, 
DRAIN2 
I I DRAIN6 


3 
10101010 
DRAIN1 
I I DRAIN5, 
DRAIN3 
I I DRAIN? 


4 
10011001 
DRAINO I I DRAIN4, 
DRAIN3 
I I DRAIN? 


1 
01010101 
DRAINO II DRAIN4, 
DRAIN2 
I I DRAIN6 
t For CCW rotation, 
read step sequence 
up from bottom. 


In Figure 11(a), the construction 
of a stepper motor results in strong magnetic coupling between the stator 
windings. 
Consequently, 
a change 
in magnetic 
flux that occurs 
when the current 
in winding 
Ll 
is 


interrupted results in an induced current within winding L2. The timing of this motor is such that when D 1 
parallel with D5 are switched off, DO parallel with D4 are switched on. The current that is induced in 
winding 
L1 is in the negative 
direction 
and first flows through 
the body-drain 
diode of the DMOS 
transistors, decays to zero, and then increases in a positive manner. The voltage and current waveforms are 
shown in Figure 11(b), where it can be seen that the decay time for the negative current is approximately 
700 lls. Consequently, 
the nature of a stepper-motor 
load causes both positive and negative current to flow 
through the DMOS power transistor. 


It is possible to block the recirculating 
negative current by placing a diode in series with each pole winding. 


This is shown in Figure 12(a). In this circuit, the drain is allowed to fly to its clamp voltage, since no current 
is induced in another motor pole winding. The decay time of the current is now reduced to approximately 
310 lls, which is considerably 
faster than in the previous example. However, since the energy of the pole 
winding is not transferred 
to another pole, it must be absorbed by the DMOS transistor. The device then 
runs considerably 
warmer than in the previous case. This technique can only be used in an application that 
does not result in the device's thermal rating being exceeded. 
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Figure 11. Unipolar Stepper Motor Drive Circuit 
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Figure 12. Current 
and Voltage Waveforms 
That Occur in the Winding 
L1 


The current waveform shown within Figure 11 shows that during each winding pulse, both negative and 
positive current flows through the power switch. A time expansion of the negative current flow region is 
given in Figure 13. 


Figure 
13 reveals an inflection 
point (denoted 
as point A) in the voltage waveform 
at approximately 
- 700 mV. When the voltage across the device is less than 700 mV, the DMOS transistor is conducting 
in 
the reverse direction, and the power dissipation is given by the product ofRDS( on) and the square of the drain 
current. When the voltage across the device is greater than 700 mV, the current flow is split between the 
source-drain 
diode and the power DMOS transistor. 


A feature of power integrated circuits that is often neglected is their ability to conduct current in the reverse 
direction. When driving inductive loads, the body drain diode is forced to conduct in the reverse direction 
and the resulting current flow through this device can have effects on the integrated drive logic, causing 
functional problems within the device. Special consideration 
to these problems has been given during the 
design phase of the TPIC6595, 
and no susceptibility 
to this type of problem has been found to exist. 


Cascade 
Operation 
of MUltiple TPIC6595s 


By shifting data into SER IN and out SER OUT, TPIC6595s can be connected in cascade. Figure 14 shows 
two TPIC6595s connected in cascade including an example SER IN timing diagram of the 16-bit data word 
for turning 
on the device 
number 
2's output 
switches 
DRAIN6(2), 
DRAIN4(2), 
DRAIN2(2), 
and 
DRAINO(2) 
and the device number 
1's output switches 
DRAIN3(1), 
DRAIN2(1), 
DRAINl(I), 
and 
DRAINO(I). 
Also, Figure 
14(b) is an oscilloscope 
waveform 
of device number 
l's operation 
per the 
conditions described. 


The HP8180A data generator data page for generating the example 16-bit timing diagram explained above 
is listed in Table 3. 
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(c) WAVEFORMS 
OF FIGURE 
14(a) AND SER OUT 


Figure 14. Cascade Operation 
of Multiple 
TPIC6595s 


DATA (for generator 
outputs) 


ADDRESS 
STR 
1-0 
Out 
0-3 Out NRZ 
0-2 
Out 
0-1 
Out NRZ 
0-0 
Out NRZ 
NRZ RCK 
SRCLR 
RZSRCK 
G 
SERIN 


0000 
1 
0 
0 
0 
1 
0 


0001 
0 
0 
1 
0 
1 
0 


0002 
0 
0 
1 
1 
1 
0 


0003 
0 
0 
1 
1 
1 
1 


0004 
0 
0 
1 
1 
1 
0 


0005 
0 
0 
1 
1 
1 
1 


0006 
0 
0 
1 
1 
1 
0 


0007 
0 
0 
1 
1 
1 
1 


0008 
0 
0 
1 
1 
1 
0 


0009 
0 
0 
1 
1 
1 
1 


0010 
0 
0 
1 
1 
1 
0 


0011 
0 
0 
1 
1 
1 
0 


0012 
0 
0 
1 
1 
1 
0 


0013 
0 
0 
1 
1 
1 
0 


0014 
0 
0 
1 
1 
1 
1 


0015 
0 
0 
1 
1 
1 
1 


0016 
0 
0 
1 
1 
1 
1 


0017 
0 
0 
1 
1 
1 
1 


0018 
0 
1 
1 
0 
0 
0 
t The width is equal to 50 ~s, delay 0.20 ~s. 
NOTE: 
The frequency 
is equal to 20 kHz. 


Simultaneous 
Turn-onfTurn-off 
of Eight Inductors 
That Simulate 
Driving Solenoids 
Under Worst-Case 
Conditions 


Figure 15 shows the test circuit and oscilloscope 
waveforms switching eight high-inductance 
inductors (R 
= 60 Q and L = 250 mH) from a 15.6- V source. The device provides 0.25-A current to each inductor and 
dissipates 
1.12 W as seen in equation 
(10), which is a safe-operating 
condition 
based on the 1.39-W 
continuous 
dissipation 
rating. 


3LHIOM V (BR)DSX 


6 [V(BR)DSX 
- 
VDD] 
+ 4RLIDM 


The calculated power dissipation 
POFF is 1.58 W as seen in equation (5). 


POFF = ET 
X 
f = 0.009 J 
X 
10 Hz = 0.087 W 


PON 
IDM 2 
X rDS(on) 
= (0.25 A)2 3.5 Q 
0.219 W 


POFF 
X n + P(QUIES) 
+ PON 
X d 
X n 


0.087 
X 
8 + 0.0001 
X 5 + 0.219 
X 0.24 
X 
8 
1.12W 


Where: 
EL 
ER 
ES 
ET 
f 
d 
LH 


IDM 
N 


POFF 
PON 
P(QUIES) 


PT(AV) 
RL 


V(BR)DSX 
VDD 


rDS(on) 


Inductive energy stored in inductor 
Energy absorbed by resistance during turn-off transient 
Energy from power supply during turn-off transient 
Total energy absorbed by each switch during turn-off transient 
Switching frequency 
Duty cycle. 
Load inductance 
Peak output load current 
Number of switches operating 
Turn-off power dissipation 
each switch 
On-state power dissipation 
each switch (see Equation 9) 
Bias power dissipation 
Average total power dissipation 
Inductor resistance 
Clamp voltage [measured, see Figure 15(b)] 
Load supply voltage 
Static drain-source 
on-state resistance, TJ = 150aC 
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(b) SWITCHING 
EIGHT HIGH INDUCTIVE 
LOADS 


Figure 15. Driving Solenoid 
Under Worst-Case 
Conditions 
(continued) 


Circuit Mechanical 
Layout Considerations 


As in any application where power is being controlled by digital and/or analog signals, it is recommended 
that special attention be given to the circuit layout. There are a few standard layout techniques that eliminate 
false triggering of the logic inputs due to noise coupling from the power components. 
A suggested layout 
is given in Figure 16. 


A O.l-~F ceramic bypass capacitor should be connected across Vcc and LGND and placed physically close 
to the TPIC6595. 


A power ground bus should be created on the circuit board that is the return ground for the power loads. 
The PGNDs connect to the power ground bus. 


The ground for the logic interface circuits should be routed separately from the power ground bus. The logic 
ground and power ground runs should tie in common at only one point; this one connection pin should be 
placed close to LGND. 


The logic components 
that drive the TPIC6595 
should be placed close to the IC. 


The TPIC6595 
is a monolithic 
p()wer logic device that contains eight l.5-A peak/45- V low-side DMOS 
power switches packaged 
in a 20-pin dual-in-line 
plastic package (DIP) and wide-body 
surface-mount 
package (DW). Control of the eight power switches is accomplished 
from a single input by an 8-bit serial 
word that independently 
controls each of the eight power switches. All inputs accept standard TTL- and 
CMOS-logic 
levels. 


The TPIC6595 is a cost-effective 
single-chip solution for direct control of motors, relays, solenoids, and 
other high energy, high electrical stress loads. Since the device implements 
a direct control link between 
the microcontroller 
and the system electrical loads, use of multiple logic ICs and discrete power devices 
are eliminated. The reduction of discrete devices not only reduces cost but saves circuit space and improves 
system reliability by the reduction of active components. 


The authors Joe Mings and Dave Cotton wish to acknowledge 
the contribution 
of Ross Teggatz and Joe 
Devore for the report section Functional Description, 
to Dale Skelton for the section Circuit Mechanical 
Layout 
Considerations, 
and to Ken Echelberger 
for building 
the application 
circuits 
described 
and 
preparing report artwork. 


DC Brush Motor Control 
Using the TPIC2101 


~TEXAS 
INSTRUMENTS 


In many applications, a key design 
goal is to minimize 
variations in 
power delivered to a load as the supply 
voltage varies. This application brief 
describes a simple DC brush motor 
control 
circuit 
using 
the 
Texas 
Instruments TPIC210l to maintain a 
constant effective voltage across the 
motor. 


The 
TPIC210l 
is 
a pulse-width- 


modulated 
(PWM) 
power 
FET 


predriverused for speed control of DC 
brush motors. It can also be used for 
other applications requiring PWM. 
The device has three states: Sleep 
state, Run state, and Fault state. 


The 
Sleep 
state 
is 
the 
power 
conserving state. The Run state is the 
normal operating state of the device. 
Fault state is entered when the device 
detects an over voltage or over current 
condition. The device features two 
input modes (Manual and Auto), soft 
start, over/under voltage protection, 
and the ability to limit the power 
dissipation of an externally driven 
device. 


-M;,~---"-t-"" 


Configuration 
~a 
I 
f'+ 6 
I 


MAN 
AUTOI 


Theory of Operation 


Figure 1il1ustratesa fan motor circuit 
used in an automobile application. 
The 
TPIC2l0l 
generates 
a pulse 
width drive to an external power 
NMOS 
transistor 
which 
is 
proportional to the input signal while 
also compensating for supply voltage 
changes. For a detailed description of 
each pin, refer to the TPIC210l data 
sheet. 


Operation Modes 
Auto Mode 
To assert the Auto mode, an open 
collector PWM signal is used to pull 
the AUTO pin low while the MAN 
(Manual) pin is open. The input PWM 
frequency required is approximately 
100 Hz. This signal is conditioned by 
the internal circuitry and becomes an 
output at the SPEED pin. An external 
RC integrates this signal, which then 
becomes 
the 
input 
for 
the 
INT 
(integrator) pin. At the INT pin a DC 
voltage of 0.72 V to 4 V corresponds 
to an input pulse width from 100% to 
0% as seen at pin 3, and will generate 


T 
Over Voltage/Current 
Protection 


T 
Low Power Consumption 
During Sleep State 


T 
Built-In Soft Start 


an output PWM drive signal at the GD 
(gate drive) pin varying from 18% to 
100% 
depending 
on 
the 
supply 
voltage, (Vbat). The output gate drive 
frequency is approximately 20 kHz. 
The output pulse width in Auto mode 
is 
determined 
by 
the 
formula, 
PWMout = (( 2.88 + 13.12 (l-input 
duty cycle))/Vbat)*loo%. 
Figures 2 
and 2A demonstrate the Auto mode 
operation. 


Figure 2 shows the input configuration 
for Auto mode. Figure 2A shows the 
relationship between PWM in (input 
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the 
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NPN 
transistor) and Veff (effective motor 
voltage). 


Manual Mode 


To assert Manual mode, the MAN pin 
is 
pulled 
high, 
and 
the 
voltage 
difference 
between 
the MAN and 
AUTO pins, 0 V to 2.2 V, determines 
the IC's output PWM drive signal of 
approximately 
18% 
to 
100% 
depending on Vbat. Just as in Auto 
mode, the input signal is conditioned 
by the internal circuitry, output at the 
SPEED pin, and via an external RC 
becomes an input ofO.n V to 4 V DC 
at the INT pin. Both the MAN and 
AUTO pins sink 2 mA in the Manual 
mode. Therefore, simply placing a 
resistor between the two pins will 
generate the required input signal. For 
example, a I ill potentiometer can be 
used to generate the 0 V to 2.2 V 
required for a full range output. The 
output pulse width in Manual mode is 
determined by the formula, PWMout 
(( 
2.88 
+ 
6.56) 
(Vman 
- Vauto)/Vbat)* 100%. 


Figure 3 shows the input configuration 
for the Manual mode of operation. 
Figure 3A illustrates the relationship 
between 
the 
differential 
voltage 
(Vman- Vauto) 
and 
the 
effective 
motor voltage. 


Note: In both Auto and Manual modes, the INT 


pin actually controls the output pulse width by 


comparing Vease 
and VINT. When Vease 
is 
greater than V!NT, the GD output is turned off. 


These waveforms are illustrated in Figure 5. 


The !NT pin could be used as an input for some 


special applications not requiring the input sig- 


nal conditioning by floating the SPEED pin and 


applying the input signal directly to the INT pin 


as shown in Figure 4. 
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Sleep State 


When the integrated circuit is not in 
Run state, it is in Sleep state. In this 
condition, the supply current for the IC 
is reduced from a maximum of 10mA 
to less than 200 mA. The purpose of 
Sleep state is to preserve battery life 
when applicable. 


Soft Start 


In order to prevent abrupt application 
of power to the motor, the TPIC2101 
includes 
a 
soft 
start 
feature 
that 
gradually ramps the output signal. 
When Run state is asserted, the output 
GD is increased in width from 0 to the 
commanded 
percent 
width 
over 
approximately I second. As previous- 
ly discussed, the SPEED pin outputs 
the conditioned input signal, and the 
INT pin controls the IC's output pulse 
width. 
The 
resistor 
between 
the 
SPEED and INT pins has a minimum 
value of 20 kQ, and the capacitor is 
selected for the start up time desired, 
usually 
4.7 l!F for approximately 
I second to full on. 


Figure 5 demonstrates the soft start 
feature for Manual mode. For this 
illustration a, 1kn resistor was placed 
between 
the 
MAN 
pin 
and 
the AUTO pin to command a 100% 
output pulse width. The INT capacitor 
was reduced to 680 pF for a start up 
time of approximately 350 Ils (this 
short 
time 
is 
used 
to make 
the 
waveform more visible). On the top 
trace, the rising edge shows when 
Manual mode is asserted. 


The second trace shows the oscillator 
which generates the output PWM 
frequency. 
The 
third 
trace 
is 
an 
overlay of trace two, and illustrates the 
rise time of the !NT pin. The bottom 
trace shows the GD pulse width 
increasing from 0% to 100% as the 
!NT pin voltage rises. 


Under Voltage 


Under voltage occurs when Vbat falls 
below 8 V. Under voltage conditions 
will cause the device to enter Sleep 
state with the gate drive held low. 
Recovery is automatic when Vbat 
increases approximately 1V above the 
under voltage threshold. Hysteresis 
prevents the device from toggling in 
and out of Sleep state. 


Fault States 
Over Voltage 


Over voltage is sensed by the Vb~tpin 
internally and is not user adjustable. 
Over voltage occurs when Vbat rises 
between 17 V and 20 V. During over 
voltage condition, GD will be turned 
off and the device will enter Fault 
state. Recovery is automatic when 
Vbat decreases 0.5 V to I V below the 
over voltage threshold. Hysteresis will 
ensure that the condition does not 
toggle off and on near the threshold. 


Over Current (limit) 


If while the GD pin is high, ILS 
(current limit sense) pin is higher than 
ILR ( current limit reference) pin, the 
internal circuitry will pull the INT pin 
low,thereby reducing the commanded 
output GD pulse width. This is on a 


pulse by pulse basis. This limits the . 
power dissipation of the output device 
in the short term. 


Over Current (fault) 


If the above condition persists during 
the next 64,000 pulses, the IC will 
enter Fault state with the GD held low 
for 64,000 pulses. At that time, one 
automatic restart will be attempted. If 
the over current condition occurs a 
second consecutive time, the IC will 
remain in Fault state until the device is 
cycled through a Sleep state to a Run 
state. This is accomplished when the 
input 
command 
is 
removed 
and 
re-established. 
Note 
that 
64,000 
pulses at 20 kHz is approximately 
three seconds. The actual time will be 
proportional to the PWM frequency in 
use. For a more detailed description of 
the 
internal 
circuit, 
refer 
to 
the 
TPIC2101 data sheet. 


Figures 6-8 
illustrate the device's 
response to overload conditions using 
a drain sense configuration. Refer to 
Figure 1 for the detailed schematic. 
Figure 
6 
demonstrates 
normal 
operation without overload. The top 
trace shows the current in the lead to 
the !NT capacitor. The second trace 
shows the voltage at the ILS pin. The 
voltage atthe ILSpin rises from zero at 
the beginning of each pulse at a rate 
determined by R3 and Cl. until it 


Cosc and 
INToverlay 
Cint = 680 pF 


reaches one diode drop above the 
drain voltage of the external transistor. 
This is. compared 
by the internal 
circuitry to the voltage set at the ILR 
pin. This reference voltage is set by the 
voltage divider RIIR2 from VAREF' 
The third trace shows the drain current 
of the external transistor well under 
the threshold setting determined by 
the reference voltage. The bottom 
trace shows the GD voltage. 


In 
Figure 
7, 
the 
load 
has 
been 
increased to the threshold setting. The 
top trace shows that the internal circuit 
is pulling current out of the INT 
capacitor which lowers the demand 
voltage at the !NT pin. The second 
trace is reaching the threshold set by 
the ILR pin. The third trace shows the 
drain current at the higher level, and 
the bottom trace reflects the narrower 
drive signal, as compared to Figure 6. 


Figure 8 illustrates the effect of an 
additional load increase. As the load 
continues to increase, the pulse width 
is substantially reduced. If the load 
continues to increase until the pulse 
width is less than the rise time of the 
sensing 
voltage 
at 
the 
ILS 
pin 
(determined by R3 and CI), overload 
detect is no longer functioning, and a 
minimum 
pulse 
width 
has 
been 
reached. Therefore, the components 
should 
be 
selected 
to obtain 
the 
minimum width required for starting 
the motor, within the 64,000 pulses 
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using 
the 
drain 
voltage 
sensing 
method. 
Referring 
to 
the 
overall 


schematic Figure I, the GD pin goes 
high turning the external transistor full 
on for a time equal to the commanded 
pulse width. During that time, current 
flows 
through 
the 
motor 
and 
transistor. When GD goes low, the 
transistor turns off, but the current in 
the motor continues to flow by way of 


(approximately 3 seconds), or a fault 
will be sensed. On the other hand, the 
pulse cannot be so wide that it allows 
the external transistor to exceed its 
power rating. 


Run State 


Although other output methods can be 
used, this brief summarizes Run state 


Load Current gets 
threshold just after 
ILS rises to value 
ILS, ILR = 1.45 V 


2 Aldiv 
lORAIN 
GO 
Vbat=12V 


the recirculation diode, DI, using the 
energy stored in the motor inductance. 


When GD is low, the ILS pin is held 
low 
internally. 
When 
GD 
goes 
high, capacitor CI starts charging 
through R3 from AREF, and the volt- 
age at ILS rises until it is clamped by 
forward biasing diode D2 to the drain 
of the external transistor Ql. There- 
fore, during the on time, the voltage at 
the ILS pin becomes: 


VILS = 10 * (R5 + ROS(on» + VFD!, 


10 
drain 
current 
3.6 
A 
(at desired trip point), 


R4 = 0.1 Q (This non-inductive resis- 
tor is used for monitoring the current. 
It is not required for this connection, 
but must be considered if there), 


ROS(on)= 0.1 Q (On-resistance at 3.6 
A from IRF530 data sheet), 


VFD! 
= 
0.7 
V 
(Diode 
forward 
voltage). 


Using these component values, VILS= 
1.42 Y. 


Also, if the bias at the ILRpin is set by 
divider RI, R2 from AREF to a value 
of 1.45 V,overload will trip at 1.45 V 
+/-10 mY. 


The advantage of drain sensing is that 
the output device is power dissipation 
limited. 
As 
power 
dissipation 
increases, 
the 
temperature 
of 
the 


external FET also increases. This rise 
in temperature results in a higher 
ROS(on)'Therefore, since VORAIN= 
lORAIN*ROS(on)'VORAIN,which is 
being 
sensed, 
responds 
to 
that 
increase. The disadvantage of this 
method is that the characteristics of 
the external transistor, such as VSAT 
drain-to-source, must be considered 
when selecting the FET. 


Conclusions 


The 
TPIC2101 
provides 
a 
cost 
effective 
means 
of maintaining 
a 
constant 
effective 
voltage 
in 
DC 
motor applications. 


Bidirectional 
Motor Drive 
Using the TPIC5201 


~TEXAS 
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Since motors play an important role 
in a wide variety of electronic 
systems, efficient control of motor 
speed and torque is an important 
issue for many system designers. 
Discrete 
power 
MOSFETs, with 
their 
low on-state 
voltages 
and 
intrinsic anti-parallel diodes, are a 
natural choice over bipolar transis- 
tors for many motor control circuits. 
Texas Instrument's new family of 
Power+ ArrayslM integrates multi- 
ple high-performance power MOS- 
FETs 
on 
a single 
chip. 
These 
cost-effective devices provide sev- 
eral 
additional 
advantages 
over 
discrete 
MOSFETs 
which 
make 
them very well-suited for motor 
control applications which require 
pulsed currents of 15 A or less. 


Figure I shows a bidirectional dc 
motor being driven from a 14.5 V 
supply by two TPIC5201 devices 
arranged 
in 
a 
full 
H-bridge 
configuration. This circuit uses two 
20 kHz PWM input signals that are 
180 degrees out of phase. In most 
systems, these signals would be 
supplied by a microcontroller. A 
50% duty cycle on both input signals 
produces a net zero voltage across 
the motor. Control of the motor's 


speed and direction of rotation is 
achieved by varying the duty cycle 
of one of the input signals while 
keeping the other fixed at 50% duty 
cycle. This variation between the 
input signals results in a net dc 
voltage across the motor, providing 
the drive current needed to meet the 
torque requirements of the motor. 


Motor Operation 


Typical motor operation is shown in 
Figure 
I and Figure 2. In this 
example, the motor is driven in the 
forward direction, and the motor 
speed is controlled by varying the 
duty cycle of input signal B. While 
input signal A is high and input 
signal B is low, there is a net 
negative 
voltage 
across 
the 
terminals of the motor and current 
through the motor ramps up. Once 
input A goes low, a net positive 
voltage appears across the motor 
terminals, and the motor current 
ramps 
down. 
When 
both 
input 
signals are low, there is no net 
voltage across the motor terminals, 
and the H-bridge 
recirculates 
a 
relatively constant current through 
its upper stages. To drive the motor 
in the reverse direction, input signal 


B is held to a 50% duty cycle, while 
the duty cycle of input A is varied. 


In this example, the pulse width of 
the input signal is approximately 25 
Ils at a 50% duty 
cycle. It is 
important 
to 
note 
that 
when 
switching both the upper and lower 
transistors on the same side of the 
H-bridge, a brief delay must occur to 
allow the conducting transistor to 
turn off before the nonconducting 
transistor is allowed to turn on. 
Without this delay, excessive cross 
conduction 
current 
may 
result. 


Cross conduction is a condition in 
which the upper and lower FETs on 
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one side of the H-bridge are on 
simultaneously, 
providing 
a low 
impedance path between the source 
voltage and ground. While small 
cross 
conduction 
currents 
can 
actually be used to enhance system 
performance, 
uncontrolled 
cross 
conduction can result in excessive 
heat dissipation and degradation of 
the device. 


In this application, two symmetrical 
pre-drive circuits are used to drive 
the gates of the upper and lower 
FETs. 
The 
pre-drive 
circuit 
schematic is shown in Figure 3. 
Drive to the upper transistors is 
achieved through the use of an 
HCPL2531 optocoupler followed 
by an emitter-follower stage. The 


high-speed optocoupler isolates and 
level-shifts the upper stage FETs 
from the input, while providing a 
reference 
to 
ground. 
The 
emitter-follower 
provides 
low 
impedance drive for fast charging of 
the intrinsic gate-source capacitor 
to enhance switching times. 


A 0.1 IlF bootstrap capacitor 
is 
used to allow the gates of the upper 
FETs to rise above the supply 
voltage rail. The bootstrap must be 
at least 10 times larger than the 
parasitic 
gate 
charge 
of 
the 
TPIC5201, typically 18 ne. Inclu- 
sion of the emitter-follower and the 
bootstrap capacitor allow the upper 
transistors to be turned on hard 
when the input signal transitions 
high. 


The low gate capacitance of the 
TPIC5201 
allows 
for 
improved 
efficiency 
in the motor 
control 
circuit. 
In 
a 
power 
switching 
application, 
as 
the 
switching 
frequency 
increases, 
switching 
losses due to the continuous charge 
and discharge of the gate-source 
capacitor 
become 
the 
dominant 
component of the power loss. By 
minimizing 
typical 
gate 
capacitance, the TPIC5201 reduces 
switching losses, which results in 
reduced 
system 
power 
consumption, and improved system 
efficiency. 


The pre-drive circuit includes 
a 
delay RC network to insure that 
cross conduction does not occur. 
The 
time 
constant 
of this 
RC 


network must be greater than the 
0.8 ~s propagation delay associated 
with the switching times of the 
HCPL253I optocoupler. By delay- 
ing the turn-on drive to the gates of 
the power MOSFETs, cross con- 
duction currents are eliminated. 


External 
undervoltage 
lockout 
protection is added to the circuit to 
keep the lower stage FETs turned 
off until a predefined 
threshold 
voltage is obtained. This threshold 
voltage 
is 
determined 
by 
the 
threshold 
of 
the 
zener 
diode 
coupled with the threshold of the 
TP4050 buffer. In this circuit, the 
lower FETs remain off between 2 V 
and 6.2 V. 


Since the two power MOSFETs of 
each 
TPIC5201 
are 
fabricated 
monolithically, 
the FETs within 
each device are inherently well- 
matched. As a result, there is little 
variation in the switching times and 


transconductance of the upper stage 
transistors. This device-matching 
aids in system design by signifi- 
cantly reducing the need for feed- 
back circuitry to compensate for 
potential 
switching 
time 
mis- 
matches. As a result, the necessary 
pre-drive circuitry is greatly simpli- 
fied. 


Each 
power 
transistor 
in 
the 
TPIC5201 features a low on-resis- 
tance 
of 
90 mQ 
nominal. 
By 
minimizing on-resistance, the pow- 
er consumption of the H-bridge is 
reduced, 
increasing 
the 
power 
available 
to 
the 
motor. 
Motor 
control 
systems 
built 
with 
low 
on-resistance power switches allow 
more efficient motor performance. 
While discrete MOSFETs can offer 
equivalent 
on-resistance 
perfor- 
mance, the integrated TPIC5201 
provides low on-resistance more 
cost-effectively and in less board 
space than discretes. 


The 
energy 
capabilities 
of 
the 
TPIC5201 have been characterized 
over its entire range of operation. 
The 
specifications 
for 
the 
TPIC5201 include peak avalanche 
current versus avalanche time rat- 
ing curves. Unlike the single point 
energy specifications 
typical 
of 
discrete 
MOSFETs, 
designers 
using 
the TPIC5201 
can accu- 
rately 
monitor 
compliance 
with 
active safe operating area design 
constraints. 


The TPIC5201 Power+ Array is one 
of the first devices to provide true 
integration of discrete power MOS- 
FETs. TI's Power+ Array family of 
products offer the advantages of 
integrated circuits with the robust- 
ness of traditional discrete power 
MOSFETs. Excellent device per- 
formance, transistor matching, and 
savings in component cost, board, 
and heat rail space combine to give 
the system designer new options for 
highly-efficient motor control. 


Bidirectional 
DC Brush Motor Control 
Using the TPIC5404 
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Motors are pervasive in a variety of 
electronic 
systems 
covering 
a 
broad scope of both function and 
complexity. 
As 
trends 
toward 
increased 
automation 
expand 
across commercial, industrial, and 
consumer equipments, the efficient 
control of motor speed and torque 
is 
an 
increasingly 
important 
concern 
for 
many 
system 
designers. 


Developing a motor control system 
often begins with creating a simple 
circuit to perform the basic motor 
drive 
functions; 
such 
a circuit 
allows 
the 
system 
designer 
to 
quickly evaluate the suitability of 
the selected interface FET's for the 
motor being driven. This initial 
evaluation 
circuit 
can 
then 
be 
expanded 
to include 
additional 
functionality 
to 
fine-tune 
the 
control of the motor for the system 
requirements 
at 
hand. 
This 


application 
brief 
describes 
a 
simple, 
effective 
circuit 
using 
Texas 
Instrument's 
TPIC5404 
Power+ 
ArrayT'" to 
drive 
a 
fractional 
horsepower 
dc brush 
motor. 


DC brush motors are one of the 
most frequently 
selected motor 
types in use today. Their ease of 
control 
and 
cost-effectiveness 
account for their popularity. Figure 
I shows a bidirectional dc brush 


motor being driven from a 10 V 
supply by a TPIC5404 which has 
been configured as a full bridge. 
The specific motor used draws I A 
of current when unloaded, which is 
within 
the 
continuous 
current 
rating of the TPIC5404 when two 
channels are in conduction. The 
motor 
drive 
circuit 
includes 


pre-FET drivers to condition the 
gates of the motor driver FET's. As 
the 
transistors 
array 
in 
the 
TPIC5404 
are 
N-channel 
structures, a simple charge pump is 
featured to provide the necessary 
upper 
stage 
gate 
voltage. 
A 
variable duty cycle square wave 
generator is also included to allow 
speed control of the motor. The 
resulting circuit, which can be built 
from five standard Ie's, provides a 
self-contained, 
bidirectional, 


variable-speed motor controller. 
Circuit Details 
Figure 
2 
shows 
the 
complete 
schematic 
for 
the 
bidirectional 
motor controller. The TPIC5404, 
configured as an H-bridge, creates 
an effective, 
single-chip, 
motor 
driver. The low on-resistance of the 
TPIC5404, coupled with its SOIC 
footprint, 
results 
in 
increased 
motor operating efficiency and in 
board space savings. 
The FET predrive is accomplished 
by two SN75372 dual MOSFET 


drivers. 
Using 
integrated 
FET 
drivers with an integrated transistor 
array 
provides 
excellent 
performance 
matching 
with 
minimum skew. The dead time 
needed between PWM transitions 
to prevent cross-conduction can be 
minimized. As a result, the system 
can 
be 
operated 
at 
higher 
frequencies 
without 
additional 
feedback circuitry. Resistors are 
included between the outputs of the 
SN75372 devices and the gates of 
the TPIC5404 motor driver FET's. 
These resistors, in this example 100 


11, are sized to control the dV/dt of 
the motor drive. This slew rate 
limiting helps reduce potential RF 
interference. 


A charge pump is developed using 
a TLC555 timer to provide the gate 
voltage for the upper stage motor 
drive 
FET's. 
Since 
the 
charge 
pump produces a voltage greater 
than the positive rail, care must be 
taken to ensure that the maximum 
transistor 
gate voltages 
are not 
exceeded. 
In this example, 
the 
charge pump generates a voltage 
approximately 2x the VDD supply 
voltage. 
By 
limiting 
the 
VDD 
supply to a maximum of 10 V, the 
charge pump provides a VGS of 
approximately 
10 V to the high 


side transistors when they are in 
conduction . 


.•. Simple, cost-effective 
motor control scheme 


.•. Enhanced motor 
operating efficiency 


.•. Improved switching 
performance 
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PWMControl 


A 10kHz variable duty 
cycle 
square 
wave 
oscillator is designed 
using a TLC556 dual 
timer. This oscillator 
generates a pulse width 
modulated 
(PWM) 
output which is used to 
vary the motor speed. 
This technique relies 
on the inertia of the 
motor 
averaging 
the 
PWMpulses. 


>I 
& 
.:!~ 
0.....• 
! 
This 
circuit 
uses 
a 
simple scheme in which 
the PWM pulses 
are 
delivered via switch Sl 
to the lower stage of the 
H-bridge, while the upper stage of 
the H-bridge is connected to a 
direction switch S2 which controls 
whether the motor operates 
in 
forward or reverse. This scheme 
has the advantage that at 0% and 
100% PWM, the motor sees the 
full 
supply 
voltage 
(less 
the 
on-state transistor voltage drops). 
A disadvantage of this scheme is 
that the PWM pattern must be 
inverted when the motor direction 
is changed, otherwise the control 
sense will be reversed - maximum 
speed becomes 0% rather than 
100% duty cycle. 


•..- 
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A major concern when using a 
PWM control technique is that the 
rapid, repeated switching of the 
motor driver FET's does not allow 
a condition in which the right or 
left pair of transistors is turned-on 
simultaneously for a significant 
time. Were this cross-conduction 
or 
shoot-through 
condition 
to 
occur, the supply rails would be 
connected via the transistor bridge, 
resulting in either severe stress to 
the H-bridge or unwanted power 
supply 
current 
surges. 
It 
is 


important, therefore, that either the 
turn-off time of the driver FET's is 
faster than the turn-on time, or that 
a dead-time 
be built 
into the 
control circuitry. To help facilitate 
the design of the turn-on/turn-off 
dead-time circuitry, detailed gate 
charge characteristics are included 
in the Power+ Array data sheets 
which allow easy calculation of the 
intrinsic delay time. Nevertheless, 
including provisions for dead-time 
adds complexity 
to the circuit 
design 
and 
slows 
the 
system 
response. 


Shoot- Through 
Elimination 


Conventionally, when seeking to 
push the limits of PWM design, 
feedback 
circuitry 
is 
used 
to 
determine the state of the outputs 
and control the switching of the 
motor driver transistor gates. This 
implementation can be complex, 
but 
when 
using 
discrete 
MOSFET's, 
it 
is 
a 
workable 
solution which enables a system to 
switch faster than would otherwise 
be 
possible. 
When 
using 
an 


-- 
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'Switching 
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integrated Power+ Array, such as 
the TPIC5404, the transistor gate 
characteristics 
are 
closely 
matched. As a result, a much 
simpler scheme for eliminating 
shoot-through may be used. 


The example circuit uses a resistor 
and diode at each gate to control 
shoot-through. 
The 
resistor 
reduces the turn-on time of the 
motor drive FET's 
by limiting 
current to the gate. The diode 
provides a bypass for the resistor 
when turning-off, thereby giving a 
faster 
transistor 
turn-off 
than 
turn-on. 
This 
means 
that 
near-simultaneous transitions can 
be generated by the control logic, 
without risk of destroying 
the 
FET's 
through 
simultaneous 


conduction. 
Combining 
this 
simple 
scheme 
for 
preventing 
shoot-through with the simplified 
control logic previously discussed, 
a worthwhile reduction in system 
size and cost can be realized when 
combined with the up-integration 
benefits of the TPIC5404 Power+ 
Array. 
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Control With Power+ Logic™ 
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The two devices, TPIC6A595 and 
TPIC6595, 
are 
Power+ 
Logic™ 
shift registers. They can be loaded 
remotely by means of clock and data 
signals and cascaded in long chains 
suitable for (e.g.) video display 
systems. The input logic function 
follows the SN74HCxxx numbering 
convention so that SN74HC595 and 
TPIC6595 are both shift registers. 


The eight outputs are well-specified 
lateral double-diffused MOSFETs 
(LDMOS 
FETs) 
with 
excellent 
avalanche 
energy 
characteristics. 


These ensure that it is possible to 


predict 
their 
performance 
in 
inductive 
circuits 
which 
return 
energy to the switch. This can 
prevent the mysterious field failures 
often encountered with unsnubbed 
bipolar 
devices 
in 
similar 
applications. At the time of writing, 
other members of the family of 
Power+ Logic devices include the 
TPIC6273, 
TPIC6259, 
and 
TPIC6A259. 


The demonstrator 
described here 
provides two cascaded devices and 


the schematic shows them driving 
incandescent lamps (and/or LEDs), 
Figure 1. The principal features of 
the two devices are shown in the 
Power+ 
Logic 
block. 
Figure 
2 
shows the common device diagram. 
The input format is a data clock and 
data signal with a transfer clock 
pulse to load the holding registers. 
Figure 
3 
illustrates 
the 
output 
structure 
which 
integrates 
a 
substantial protection network. This 
enhances 
the 
avalanche 
energy 
capability 
which 
in 
turn 
helps 
dissipate the energy returned by 
(e.g.) inductive loads. 


• 
TPIC6xxx series - 0.25 A, 1.5 A pk, 45 V, 
1.3n,75 mI, 20-pin DIP or 20-pin SO package 
TPIC6259 - 8-Bit addressable latch 
TPIC6273 - Octal D-type latch 
TPIC6595 - 8-Bit SIPO (shift register) 


• 
TPIC6Axxx series - 0.35 A, 1.1 A limit, 50 V, 
1n, 75 mI, 20-pin DIP or 24-pin SO package 
TPIC6A259 - 8-Bit addressable latch 
TPIC6A595 - 8-Bit SIPO (shift register) 


SRCK 


SERIN 


• 01 Is an Integrated body drain diode 
• 02 and 03 are added to provide 
Improved unclamped energy 
capability 
• D4 Is added to prevent gate 
oxide damage 


Figure 3. Power+ Logic Output 
Structure (Typical Schematic - All 
Drain Outputs) 
PWM and Incandescent 
Lamps 


The 
pulse-width-modulated 
(PWM) output current limit on the 
TPIC6A595 is particularly useful 
when driving incandescent lamps. 
These lamps exhibit current surges 
many 
times 
greater 
than 
the 
continuously 
rated figure when 
first turned on. 


These current surges are due to the 
considerable 
change 
in 
temperature of the incandescent 
filament 
and 
a 
corresponding 
change in its resistance. Figure 4 
illustrates 
a 
typical 
current 
characteristic where a nominally 
190 mA lamp takes an initial 
current of over 2 A from a 15 V 
supply. 


Other advantages to the current 
limit 
include 
immunity 
from 
failures due to short circuits at the 
output and the ability to start larger 
motors than an unlimited part. It 
can also be of use when driving 
stepper motors whose resonance 
problems are greatly reduced when 
the motor is current controlled. 


The 
TPIC6595 
has 
been 
configured to drive either eight 
incandescent lamps or four lamps 
and four LEDs. The TPIC6A595 
has 
sixteen 
lamp 
positions 
arranged 
as 
eight 
parallel 


pairs to reflect its greater current 
capability 
(and 
PWM 
current 
limit). When only eight lamps are 
to be used, the parallel positions are 
convenient 
for 
evaluating 
the 
short-circuit capability or attaching 
test probes. 


The 
TPIC6A595 
has 
built-in 
short-circuit 
protection. 
The 
TPIC6595 does not and care should 
be 
taken 
to 
avoid 
shorting 
unprotected outputs. 


output holding registers. In a more 
conventional 
system, 
the 
data 
would be loaded into all the shift 
registers using SRCK, then a single 
pulse of RCK would transfer the 
data to the holding registers. 


The clear input SRCLR isheld high 
at all times and does not affect the 
data in either register bank. In 
another system, it might be used to 
clear 
the 
shift registers 
before 
reloading. 


System Logic 


The clock and data generator logic 
is reduced to a minimum; half of 
the TLC556 dual timer is used to 
generate 
a 
slow 
clock 
signal 
(around 1Hz). This is used to drive 
both 
shift-register 
(SRCK) 
and 
holding register (RCK) clocks, as 
shown 
in 
the 
block 
diagram, 
Figure 5. 


Data is therefore clocked into the 
shift register on the rising edge and 
is also transferred from there to the 


PWM Brightness Control 


The output enable G is used in 
conjunction with the other half of 
the TLC556 to provide a common 
brightness control for both TPIC 
devices. 
This 
works 
with 
the 
TLC556 configured as an astable 
PWM generator whose pulse width 
isaltered by VR I. As this is altered, 
the duty cycle of the TPIC's output 
enable G changes. This provides a 
range of brightness control from 
very dim to full on. 


Clock 
Data 
serout 
G 


Clock 
Data 
G 


Data Generator 


Serial data for the TPIC devices is 
generated by dividing the clock by 
2 or by 4 using an SN74HC74. A 
moving pattern will travel down 
the two shift registers. The serial 
data output of the TPIC6A595 is 
connected to the data input of the 
TPIC6595. This can be extended to 
suit 
the 
application 
and 
is 
particularly useful with large video 
LEOs or lamp arrays. 


A switch (or jumper) is used to 
select the data division ratio which 
causes a change in the pattern of 
lamp illumination. Should allIs or 
all Osbe needed for test purposes, a 
jumper isrecommended rather than 
a switch. A connection to Vcc or 
GNo 
can then be made to the 
center pin. 


Three-Wire, 
Four-Wire, 
or 
Five-Wire 
Interface 


The total connection between the 
TPIC devices and their control 
logic 
is 
therefore 
four 
wires, 


combined clock (SRCK and RCK), 
data, 
output 
enable 
(G), 
and 
ground. 
In 
a system, requiring 
transparency in the loading of the 
data, a separate RCK line would be 
justified. 
In 
a minimal 
system 
lacking a brightness control, the G 
wire could be omitted, reducing it 
to a three-wire interface. 


PCB Layout 


The printed circuit board layout is 
intended 
to 
minimize 
noise 
problems due to switching high 
currents 
adjacent 
to 
high-impedance logic inputs and 
care is taken to decouple Vcc 
locally on both devices. The short, 
wide 
tracking 
from 
logic 
and 
power grounds to the supply point 
minimizes 
the 
inductive 
and 
resistive EMFs generated when 
switching high currents, as shown 
in Figure 6. The PCB overlay is 
shown in Figure 7, 


Although the clock in this system is 
slow, extensive use is made of 
ground and supply planes. Since 
the Power+ Logic parts are high 
speed CMOS logic devices, they 
can be clocked at over 20 MHz. 


This 
speed is invaluable 
when 
driving 
large 
arrays 
such 
as 


emulating a video screen with an 
array 
of 
LEOs 
or 
even 
incandescent lamps, see Figure 8. 


Matching 
a device 
to a load can 
cause problems 
when the load is as 
variable 
as an incandescent 
lamp. 
There are limitations 
even to PWM 
current 
limit 
schemes. 
For 
example, 
the 
TPIC6A595 
PWM 
current limit is specified 
in the data 
sheet to deliver an approximate 
2% 
duty cycle current limited to a peale 
value of typically 
0.8 A. 


Should 
a lamp (or lamps) 
require 
more 
than 
this 
to move 
up 
the 
resistanceltemperature 
curve, 
the 
output 
PWM 
will 
remain 
in 2% 


duty cycle mode indefinitely 
as in 
a partial 
short circuit. 
It is wise to 
check 
what a given 
type of lamp 
requires 
as a start-up current and to 
remember 
that 
this 
is 
also 
temperature 
dependent. 
It should 
be remembered 
that if the earlier 
example 
(the 190 mA lamp) were 
used 
with 
a 250 mA switch, 
the 
initial 
current 
surge 
of over 
2 A 
would 
in all probability 
destroy 
a 
bipolar 
switch. 


To 
estimate 
this 
surge 
without 
recourse 
to dynamic 
testing of each 
device, 
the 
value 
of 
the 
cold 
resistance 
will indicate 
the size of 
the initial surge on a given supply 
voltage. 
It can be revealing 
to do 
this 
on 
an 
existing 
piece 
of 
equipment. 
Since 
cold 
resistance 
has 
not 
always 
been 
taken 
sufficiently 
into consideration, 
this 
may 
be 
the 
underlying 
cause 
behind 
sporadic 
field failures. 


Summary 


In 
conclusion, 
the 
demonstrator 
shows 
the ease 
of driving 
lamps 
and LEDs with these Power+ Logic 
products 
over 
a minimal 
3-wire 
interface 
with improved 
benefits 


when 
additional 
signal 
wires 
are 
added. 
Remote 
control 
of 
lamp 
brightness 
is one of these benefits, 
such as using a PWM control signal 
on the G enable line. 


Integrated Circuits 


uA 7805C 
Voltage regulator 
-5 V, TO-220 
TLC556N 
Timer IC 
SN74HC74N 
Dual D-type 
TPIC6595N 
8-Bit shift register 
with 250 mA output 
TPIC6A595NE 
8-Bit shift register 
with 350 mA 
output and PWM current 
limit 


IMQ 
100 kQ 
82 kQ (2) 
220Q 


50kQ 


220 ~F 
I ~F 
100 nF 
47 nF 
10 nF (2) 


Resistor, 
1/8 Watt 
Resistor, 
1/8 Watt 
Resistor, 
1/8 Watt 
Resistor, 
1/8 Watt 


Resistor, 
variable 


Electrolytic 
capacitor, 
16 V or better 
Electrolytic 
capacitor, 
16 V or better 
Non-polarized 
capacitor, 
6 V or better 
Non-polarized 
capacitor, 
6 V or better 
Non-polarized 
capacitor, 
6 V or better 


Lamps 


TPIC6595: 
8-14 
V, 55 mA, sub-miniature 
lamps or 
similar, or 4 lamps and 4 LEDs with 
4 current-limiting 
resistors 
to suit. 


8-14 
V, 190 mA, 10 mm lamps 
or similar. 
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Electrical 
characteristics 
presented 
in this data book, unless otherwise 
noted, apply for the circuit type(s) 
listed in the 
page heading 
regardless 
of package. 
The availability 
of a circuit function 
in a particular 
package 
is denoted 
by an 
alphabetical 
reference 
above 
the pin-connection 
diagram(s). 
These 
alphabetical 
references 
refer to mechanical 
outline 
drawings 
shown 
in this section. 


Factory 
orders 
for circuits 
described 
in this data book should 
include 
a three-part 
type 
number 
as shown 
in the 
following 
example. 


Prefix 


MUST 
CONTAIN 
ONE TO FOUR 
LETTERS 


SN 
TI Special 
Functions 
or Interface 
Products 
TPIC 
TI Power 
IC Products 


STANDARD SECOND-SOURCE 
PREFIXES 


OS 
National 
L 
SGS 
ULN 
Sprague 


Unique 
Circuit 
Description 


MUST 
CONTAIN 
THREE 
OR MORE 
CHARACTERS 
(From 
Individual 
Data Sheets) 


Examples: 
293 
68595 
2701 
754410 
2322L 
75437A 


Package 


MUST 
CONTAIN 
ONE OR TWO LETTERS 


0, OW, FK, JG, KC, KV, 
N, NE, P 
(From 
Pin-Connection 
Diagram(s) 
on Individual 
Data Sheets) 


Circuits 
are shipped 
in one of the carriers 
below. Unless a specific 
method 
of shipment 
is specified 
by the customer 
(with possible 
additional 
costs), 
circuits 
will be shipped 
via the most practical 
carrier. 


Dual-In-Line 
(JG, N, NE, P) 
- A-Channel 
Antistatic 
or 
Conductive 
Plastic Tubing 


Small Outline 
(0, OW) 
- Tape and Reel 
- Antistatic 
or Conductive 
Plastic Tubing 


Chip Carriers 
(FK) 
- Antistatic 
or Conductive 
Plastic Tubing 


Power Tab (KC, KV) 
- A-Channel 
Antistatic 
or 
Conductive 
Plastic Tubing 


~TEXAS 
INSTRUMENTS 


o (R-POSO-G"") 


14 PIN SHOWN 


f 
-r 
0.244 (6,20) 


I 
0.228 (5,80) 


0.157 (4,00) 
0.150 (3,81) 


~ 


PINS •• 
8 
14 
16 
DIM 


A MAX 
0.197 
0.344 
0.394 
(5,00) 
(8,75) 
(10,00) 


A MIN 
0.189 
0.337 
0.386 
(4,80) 
(8,55) 
(9,80) 


0.044 (1,12) 
0.016 (0,40) 
rfrDDIIDllDJ}--i 
t 
0.010 (O,2~ 
0.069 (1,75) MAX 
0.004 (0,10) 


NOTES: 
A. 
All linear dimensions are in inches (millimeters). 
B. 
This drawing is subject to change without notice. 


C. 
Body dimensions 
do not include mold flash or protrusion notlo 
exceed 0.006 (0,15). 
D. 
Four center pins are connected to die mount pad. 
E. 
Falls within JEDEC MS-012 


~TEXAS 
INSTRUMENTS 


OW (R-POSO-G**) 


16 PIN SHOWN 


9 
1110,419(10,65) 
0.400 (10,15) 


0.299 (7,59) 
0.293 (7,45)J 


~ 
16 
20 
24 
28 
DIM 


A MAX 
0.410 
0.510 
0.610 
0.710 
(10,41) 
(12,95) 
(15,49) 
(18,03) 


A MIN 
0.400 
0.500 
0.600 
0.700 
(10,16) 
(12,70) 
(15,24) 
(17,78) 


0.050 (1,27) 


0.016 (0,40) 


~frOIJIIIIIII#@1 


0.104 (2,65) MAX 
0.004 (0,10) 


NOTES: 
A. 
All linear dimensions 
are in inches (millimeters). 


B. 
This drawing is subject to change without notice. 


C. 
Body dimensions 
do not include mold flash or protrusion not to exceed 0.006 (0,15). 


D. 
Falls within JEDEC MS-013 
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FK (S-CQCC-N**) 


28 TERMINAL 
SHOWN 


18 
17 
16 
15 
14 
13 
12 


19 
11 


20 
10 


21 
9 
BSQ 
22 
8 
ASQ 
lU 


7 


6 


25 
5 


26 
27 
28 
2 
3 
4 


0.020 (0,51) -.I /4- 
, 


0.G10 (0,25) 
IU 
t: 


NOTES: 
A. 
All linear dimensions are in inches (millimeters). 


B. 
This drawing is subject to change without notice. 


C. 
This package can be hermetically sealed with a metal lid. 
D. 
The terminals are gold plated. 


E. 
Falls within JEDEC MS-004 


NO. OF 
A 
B 
TERMINALS 
.. 
MIN 
MAX 
MIN 
MAX 


0.342 
0.358 
0.307 
0.358 
20 
(8,69) 
(9,09) 
(7,80) 
(9,09) 


28 
0.442 
0.458 
0.406 
0.458 


(11,23) 
(11,63) 
(10,31) 
(11,63) 


44 
0.640 
0.660 
0.495 
0.560 
(16,26) 
(16,76) 
(12,58) 
(14,22) 


0.740 
0.761 
0.495 
0.560 
52 
(18,78) 
(19,32) 
(12,58) 
(14,22) 


68 
0.938 
0.962 
0.850 
0.858 
(23,83) 
(24,43) 
(21,6) 
(21,8) 


1.141 
1.165 
1.047 
1.063 
84 
(28,99) 
(29,59) 
(26,6) 
(27,0) 


0.020 (0,51) 


0.010 (0,25) 
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"!11 
TEXAS 
INSTRUMENTS 


0.063 (1,60) J 
0.015 (0,38) 


0.100 (2,54) 


0.400 (10,20) 


0.355 (9,00) J-r 


0.280 
(7,11) 
0.245 
(6,22) 


~ 


0.020 (0,51) MINR~)·~ 


0.310 (7,87) 
0.290 (7,37) 


.JL ,m"',HI 


0.008 (0,20) 


0.023 (0,58) 
0.015 (0,38) 


NOTES: 
A. 
All linear dimensions are in inches (millimeters). 


B. 
This drawing is subject to change without notice. 


C. 
This package can be hermetically 
sealed with a ceramic lid using glass frit. 


D. 
Index point is provided on cap for terminal identification 
only on press ceramic glass frit seal only. 


E. 
Falls within MIL-STD-1835 
GDIP1-T8 
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0.156 (3,96) 
DIA 
0.146 (3,71) 


0.420 (10,67)1 
0.380 
(9,65) 


0.113 (2,87) 


0.103 (2,62) 


0.147 (3,73) 


0.137 (3,48) 


0.125 
(3,18) 
(_Note 
C) 


0.040 
(1,02) 'b' 
I 0.067 (170) 
I 
0.030 
(0,76) -+l j.- 
--+I 
' 


1-$-10.010(0,25) 
@I 
10.268(6,81) 
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NOTES: 
A. 
All linear dimensions 
are in inches (millimeters). 


B. 
This drawing is subject to change without notice. 


C. 
Lead dimensions 
are not controlled within this area. 
D. 
All lead dimensions apply before solder dip. 


E. 
The center lead is in electrical contact with the mounting tab. 
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NOTES: 
A. 
All linear dimensions 
are in inches (millimeters). 


B. 
This drawing is subject to change without notice. 
C. 
Lead dimensions 
are not controlled within this area. 
D. 
All lead dimensions apply before solder dip. 
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16 PIN SHOWN 
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§:::::::13:::: 
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--J ~ 
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~ 
20 
14 
16 
18 
DIM 


A MAX 
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(19,69) 
(19,69) 
(23.37) 
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A MIN 
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NOTES: 
A. 
All linear dimensions 
are in inches (millimeters). 


B. 
This drawing is subject to change without notice. 


C. 
Falls within JEDEC MS-001 (20-pin package is shorter than MS-001) 
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All linear dimensions are in inches (millimeters). 
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This drawing is subject to change without notice. 
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